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The National Toxicology Program (NTP), established in 1978, develops
and evaluates scientific information about potentially toxic and hazardous
chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of chemically induced
disease. By bringing together the relevant programs, staff, and resources
from the U.S. Public Health Service, DHHS, the National Toxicology
Program has centralized and strengthened activities relating to toxicology
research, tzsting and test development/validation efforts, and the dissemi-
nation of toxicological information to the publicand scientificcommunities
and to the research and regulatory agencies.

The NTP is comprised of four charter DHHS agencies: the National Cancer
Institute, National Institutes of Health; the National Institute of Environ-
mental Health Sciences, National Institutes of Health; the National Center
for Toxicological Research, Food and Drug Administration; and the
NationallInstitute for Occupational Safety and Health, Centers for Disease
Control. InJuly 1981, the Carcinogenesis Bioassay Testing Program, NCI,
was transferred to the NIEHS.
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NOTE TO THE READER

These studies are designed and conducted to characterize and evaluate the toxicologic potential,
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats
and mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primarily on
the bases of human exposure, level of production, and chemical structure. Selection per se is not an
indicator of a chemical’s carcinogenic potential. Negative results, in which the test anima}s do not have
a greater incidence of cancer than control animals, do not necessarily mean that a test chemical isnota
carcinogen, inasmuch as the experiments are conducted under a limited set of conditions. Positive
results demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and
indicate that exposure to the chemical has the potential for hazard to humans. The determination of
the risk to humans from chemicals found to be carcinogenic in animals requires a wider analysis which
extends beyond the purview of this study.

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes
may occur. Readers are requested to identify any mistakes so that corrective action may be taken.
Further, anyone who is aware of related ongoing or published studies not mentioned in this report is
encouraged to make this information known tothe NTP. Comments and questions about the National
Toxicology Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed
to Dr. J.E. Huff, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709
(919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-
4650). Single copies of this Technical Report are available without charge (and while supplies last)
from the NTP Public Information Office, National Toxicology Program, P.O. Box 12233, Research
Triangle Park, NC 27709.

Special Note: This Technical Report was peer reviewed in public session and
approved by the NTP Board of Scientific Counselors’ Technical Reports Review
Subcommittee on September 22, 1982 [see pages 11 and 12]. Thereafter, the NTP
adopted the policy that the experimental data and laboratory records from all NTP
Toxicology and Carcinogenesis Studies not yet printed and distributed would be
audited. [A summary of the data audit is presented in Appendix M.] Consequently,
printing and distribution of this Technical Report have been delayed and the format
differs from that of Technical Reports peer reviewed more recently. The categories of
evidence of carcinogenicity adopted by the NTP in June 1983 were not used to
evaluate these data. This final Technical Report supercedes all previous drafts of this
report that have been distributed.
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TOXICOLOGY AND
CARCINOGENESIS STUDIES OF
COMMERCIAL GRADE
2,4 (80%)- AND 2,6 (20%)-
TOLUENE DIISOCYANATE

MIXTURE OF
CH3 CH3
N=C=0 AND O=C=N N=C=0
N=C=0
2,4- 2,6-
(80%) (20%)

TOLUENE DIISOCYANATE
CAS NO. 26471-62-5

ABSTRACT

Groups of 50 female F344/N rats and 50 female B6C3F; mice were administered commercial grade
toluene diisocyanate (80% 2,4- and 20% 2,6-) in corn oil by gavage at doses of 60 or 120 mg/ kg body
weight, 5 days per week for 105 or 106 weeks. Groups of 50 male F344/N rats received 30 or 60 mg/ kg
and groups of 50 male B6C3F mice received 120 or 240 mg/ kg on the same schedule. Dosage analyses
of toluene diisocyanate indicated that the chemical had reacted in the corn oil vehicle, resulting in actual
gavage concentrations 77% to 909 of theoretical values. Groups of 50 rats and 50 mice of each sex
received corn oil only and served as vehicle controls.

Survival in all groups of dosed rats in the 2-year studies was shorter (P<0.005) than that of the
controls; depressions in mean body weight gain relative to controls were greater than 10% in all dosed
rat groups throughout most of the study. A dose-dependent pattern of cumulative toxicity began at 70
weeks and culminated in excessive mortality, indicating the estimated maximum tolerated dose had
been exceeded for rats. Acute bronchopneumonia occurred at increased incidences in groups of dosed
male and female rats (males: control, 2/50; low dose, 6/50; high dose, 14/50; females: 1/50, 10/50,
25/49).

Subcutaneous tissue fibromas or fibrosarcomas (combined) in male rats occurred with a positive
trend (P<0.01; 3/50, 6/50, 12/50). The incidence in the high dose group was higher than that in the
controls (P<0.01). The same tumor comparisons were significant (P<0.001) in female rats by the life
table analysis. Mammary gland fibroadenomas in female rats occurred with a positive trend
{P<0.001), and the incidences in low and high dose groups were significantly higher than that in
controls (P<0.01).

Pancreatic acinar cell adenomas in male rats occurred with a positive trend (P<0.05; 1/47, 3/47,
7/49). The incidence in the high dose group was higher than that in the controls (P <0.05).

7 Toluene Diisocyanate



The incidences of pancreatic islet cell adenomas in female rats were higher by the incidental tumor
test (P=0.01) in low dose (6/49) and high dose (2/47) groups than in controls (0/50). An islet cell
carcinoma was also observed in a low dose female rat. The incidences of female rats with neoplastic
nodules in the liver occurred with a positive trend (P<0.05; 3/50, 8/50, 8/48), and the incidence in the
high dose group was higher (P<0.05) than that in the controls.

Survival of high dose male mice in the 2-year study was significantly shorter than that of the controls
(P<0.001). During the second year of the study, mean body weight gains of high dose male mice were
less than those of the controls. Cytomegaly of kidney tubular epithelium was found in45/48 (94%) low
dose male mice and 41/50 (82%) high dose male mice but not in any of the controls.

Hemangiomas or hemangiosarcomas (combined) of the circulatory system in female mice occurred
with a positive trend (P<0.01; control, 0/50; low dose, 1/ 50; high dose, 5/ 50). The incidence in the high
dose group was significantly higher than that in the controls (P<0.05).

Hepatocellular adenomas in female mice occurred with a positive trend (P<0.001; 2/50, 3/50,
12/50), and the incidence in the high dose group was higher than that in the controls (P<<0.01).

Toluene diisocyanate was mutagenic in Salmonella typhimurium strains TA98 and TA100 in the
presence (but not the absence) of Aroclor 1254-induced male Sprague-Dawley rat or male Syrian
hamster liver S9; it was not mutagenic in strains TA 1535 or 1537.

An audit of the experimental data for these 2-year toxicological and carcinogenicity studies on
commercial grade 2,4- and 2,6-toluene diisocyanate was conducted. There were no data discrepancies
that influenced the final interpretations.

Under the conditions of these gavage studies, commercial grade toluene diisocyanate in corn oil was
carcinogenic for F344/N rats, causing subcutaneous fibromas and fibrosarcomas (combined) in males
and females, pancreatic acinar cell adenomas in males, and pancreatic islet cell adenomas, neoplastic
nodules of the liver, and mammary gland fibroadenomas in females. Toluene diisocyanate was not
carcinogenic for male B6C3F; mice. TDI was carcinogenic for female B6C3F, mice, causing hemangi-
omas or hemangiosarcomas (combined), as well as hepatocellular adenomas.

Toluene Diisocyanate 8
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SUMMARY OF PEER REVIEW COMMENTS
ON THE CARCINOGENESIS STUDIES OF
COMMERCIAL GRADE
TOLUENE DIISOCYANATE

On 22 September 1982 this technical report on the carcinogenesis studies of commercial grade
toluene diisocyanate underwent peer review by the National Toxicology Program Board of Scientific
Counselors® Technical Reports Review Subcommittee and associated Panel of Experts. This public
review meeting began at 9:00 a.m. in the Conference Center, Building 101, South Campus, National
Institute of Environmental Health Sciences, Research Triangle Park, North Carolina. The following
precis represents the critiques made by the principal reviewers, as well as comments from and discussion
by the Peer Review Panel, NTP staff, and attendees.

Dr. Elashoff, a principal reviewer, agreed with the conclusions. He noted that due to the common
lethal nontumorigenic toxicity, the life table and incidental tumor tests were the appropriate statistical
analyses. As a second principal reviewer, Dr. Mirer said the conclusions were appropriate. He criticized
the storage of gavage solutions at room temperature in view of the reactivity of TDI with corn oil. He
said the compound and dose related toxicity indicated the doses may have been too high in rats yet this
did not compromise the conclusions.

As a third principal reviewer, Dr. Holland accepted the report as written. He commented that the
interpretation of these studies was complicated by the instability of the material in contact with water,
as would occur in the gastrointestinal tract. However, since similar degradation would occur if
exposure were by the respiratory route, the data were, in his opinion, a valid representation of TDI
tumorigenicity. Dr. M. Dieter, NTP, said the corn oil was not anhydrous or kept in a desiccator, and
degradation rates of TDI would be given in the report.

In discussion from the floor, Dr. L. Rampy, Dow Chemical Company and representing the
International Isocyanate Institute, reiterated and added to comments sent to thereview paneland NTP
staff prior to the meeting. First, since the occupational route of exposure to TDI was mainly inhalation,
he said the gavage route was improper because toxicity, spectrum of metabolites, and other factors
would likely differ between the routes. He opined that TDI would be converted after oral dosing to
toluene diamine, a known animal carcinogen. He requested that the report be deferred.

Dr. Swenberg stated the study should have been stopped at one year due to excessive mortality and
chemically associated toxicity. He said that bronchial pneumonia may have been a cause of the animals
dying early. Dr. Holland said the effect of reducing a sample size in a positive study is of less overall
concern than the effect of reducing sample size in the case of a negative study. Dr. Elashoff noted that,
in the case of TDI, despite reduction of power and sensitivity due to early mortality, the tumorigenic
effects were such that there was significance both in trend tests and pairwise comparisons at a number of
target sites.

Dr. Scala requested that statements be added about exceeding the maximum tolerated dose in rats,
and possibly in male mice. Dr. Mirer asked that there be in the abstract a comment about the reactivity
of TD! with corn oil.

Dr. Elashoff moved that the report on the carcinogenesis studies of toluene diisocyanate be accepted
conditional on the revisions, written and discussed. Dr. Holland seconded the motion and the technical
report was approved by the Peer Review Panel (nine affirmative votes and one abstention;
Dr. Schwetz).

Toluene Diispeyanate 12
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1. INTRODUCTION

MIXTURE OF
CH3 CH3
N=C=0 AND =C=N N=C=0
N=C=0
2,4- 2,6-
(80%) (20%)

TOLUENE DHISOCYANATE
CAS NO. 26471-62-5

Toluene diisocyanate (TDI) is commercially
produced as an approximate 80:20 mixture of
the 2,4-and 2,6-isomers. In 1980, 580,000
pounds of this chemical were produced in the
United States, primarily for use in the manufac-
ture of flexible polyurethane foams (USITC,
1981). These foam elastomers are found in furni-
ture and automobile cushions, carpet underlays,
pillow filling, mattresses, insulation, shoes,
purses, and toys (Kirk-Othmer, 1970). TDI is
also used to produce polyurethane coatings for
lacquers and wood finishes (1ARC, 1979).

TDI reacts readily with polyols, water, urea,
urethanes, amines, and other basic compounds
(E.1. DuPont, 1969; Ehrlicher, 1974). Concen-
trations as high as 10 ppm TDI have been meas-
ured in the air above urethane foams during their
production (Buist, 1970). The maximum allowa-
ble 8-hour time weighted average concentration
of 2,4-toluene diisocyanate to which workers can
be exposed is 0.02 ppm (U.S. CFR, 1974).

The oral LD50 valuefor TDlinratsis 5.8 g/ kg
body weight (Zapp, 1957), and the LC50 values
for rats and mice are 14 and 10 ppm, respectively
(Duncan, 1962).

Skin, eye, and respiratory tract irritation has
been reported in both humans and rats exposed
to TDlin air(Union Carbide, 1976; Patty, 1963).
Hypersensitivity to TDI, manifested as an

Toluene Diisocyanate
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asthma-like response, has been reported in
workers exposed to the chemical (Parkes, 1970;
Taylor, 1970; Sangha and Alarie, 1979), and a
10-hour TWA exposure concentration of 5 ppb
TDI has been recommended for workplace air
(NIOSH, 1979).

Toluene 2,6-diisocyanate (2,6-TDI) is unsta-
ble in hydroxylic solvents and reacts even more
rapidly with primary and secondary amines. At
very low concentrations in water, it hydrolyzes
stepwise to first form 2-amino-6-isocyanato-
toluene, then 2,6-diaminotoluene, At higher con-
centrations, poly-ureas are formed by the
reaction of amino groups of the hydrolysis pro-
ducts with the isocyanate. In an aqueous suspen-
sion of stomach contents the half-life of 2,6-TDI
was less than 2 minutes. The half-life of 2,6-TDI
in serum was less than 30 seconds (RTI, 1985).

When 2,6-TDI was given orally to 11 adult
male Fischer 344 rats in corn oil, most of the
2,6-TDI formed polymers in the gastrointestinal
tract (RTI, 1985). At doses of 900 mg/ kg body
weight, the 2,6-TDI usually polymerized and
lined the stomach, slowing or preventing the
migration of food into the intestines. In these
cases, the stomachs became greatly distended. At
doses of 60 mg/kg body weight, these results
were not observed.
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Most 2,6-TDI-derived materials were excreted
in feces or were found in the gastrointestinal tract
72 hours after dosing. Excretion in breath was
insignificant. Approximately 2.5 times as much
2,6-TDI-derived materials were excreted in urine
after a 60 mg/ kg oral dose (129%) than after a 900
mg/ kg dose (5%). More than half of the xenaobio-
tic related material excreted in urine was 2,6-
bis(acetylamino)toluene. Increased urinary ex-
cretion of metabolites of 2,6-TDI with decreas-
ing dosage is consistent with the lower
concentration of 2,6-T DI in the stomach permit-
ting increasing amounts of the 2,6-TDI to be
hydrolyzed completely to monomeric 2,6-
diaminotoluene rather than forming polymers.
The 2,6-diaminotoluene could then be absorbed,
acetylated, and excreted in urine. 2,6-TDI-
derived materials were not concentrated in any
tissues (RTI, [985).

Both 2,4-and 2,6-diaminotoluene were muta-
genic in Saimonella typhimurium TA1538 (Dyb-
ing and Thorgeirsson, 1977; Andersen et al.,
1980). Although 2,4-toluene diisocyanate was
reported as not mutagenic in S. ryphimurium
TAI1535, TA1538, TA98, and TA100, with or
without metabolic activation with S-9 prepara-
tion from Aroclor 1254-induced Sprague-
Dawley rats (Anderson and Styles, 1978), an
80:20 mixture of 2,4-and 2,6-toluene diisocya-
nate was mutagenic in a narrow dose range in S.
typhimurium TA100, TA98, and TA1538 after

metabolic activation with rat liver S-9 prepara-
tion from phenobarbital-induced rats (Andersen
et al., 1980). Differences in the results from the
two studies are probably due to differences inthe
test conditions. Using the micronucleus muta-
genesis test procedure, Loeser (1983) observed
no mutagenic responses in groups of five male or
female Sprague-Dawley rats or CD-1 mice
exposed to TDI vapors at doses of 0, 0.05, or
0.15 ppm (v/v) 6 hr/ day, 5 days/ wk for 4 weeks.

Both 2.6-TDI and a mixture of 2,4- and 2,6-
TDI were mutagenic in Salmonella ryphimurium
strains TA98 and TA100 in the presence but not
the absence of metabolic activation provided by
9000 x g liver supernatant (S-9) fractions from
Aroclor 1254-induced male Sprague-Dawley
rats or Syrian golden hamsters (Appendix L).
Toluene diisocyanate was not mutagenic in S.
typhimurium strains TA1535 or TA1537 with or
without metabolic activation.

No evidence of 2,4-/2,6-TDI1 (80/ 20)-associ-
ated benign or malignant lesions was reported by
Loeser (1983) following vapor exposure of male
and female Sprague-Dawley rats and CD-1 mice
to 0, 0.05, or 0.15 ppm (6 hr/ day, 5 days; wk) for
approximately two years.

A commercial TD1 mixture was tested since a
large number of workers (approximately 40,000)
are potentially exposed to these isomers and
because no long-term studies were available,

Toluene Diisocyanate
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II. MATERIALS AND METHODS: CHEMICAL ANALYSES

CHEMICAL ANALYSES

Toluene diisocyanate (Hylene®) was obtained
in two lots from E.I. duPont de Nemours and
Co. (Wilmington, DE). Lot no. 228 was used for
the single-dose, 14-day, and 13-week studies and
for the first 14 months of the 2-year studies. Lot
no. 414417 was obtained to complete the 2-year
studies.

Purity and identity analyses were conducted
on both lots at Midwest Research Institute
(Appendix G). The results of elemental analyses
of lot 228 for carbon, hydrogen, and nitrogen
and of lot 414417 for carbon and hydrogen
agreed with the theoretical values, The results for
nitrogen in lot 414417 were slightly high. When
both lots were analyzed in comparable systems
by vapor-phase chromatography, lot 228 was
found to contain six trace impurities, each with
an area of less than 0.02% of the major peak,
while lot 414417 contained only two of these
impurities (both totalling 0.2% of the major
peak). Lot 414417 still exhibited only two impur-
ities when analyzed in a second system. The
infrared, ultraviolet, and nuclear magnetic
resonance spectra for both lots were consistent
with the literature spectra and with each other,
Comparison of the integration ratios of the
nuclear magnetic resonance for the protons on
the 2,4-and 2,6-isomers indicated that lot 228
consisted of approximately 80% of the 2,4-and
209% of the 2,6-isomers, and lot 41447 was
approximately 85% of the 2,4- and 15% of the
2,6-1somers.

As a part of the initial stability analysis of
gavage solutions, Midwest Research [nstitute
determined that TDI reacted very rapidly with
water — approximately 209 remained less than

15 minutes after the aqueous solution was pre-
pared (MRI] Report, August 7, 1975). Campbell
et al,, (1975 and 1976) have reported that, upon
reaction with water, TDI forms a disubstituted
urea, N,N’-bis(3-isocyanato-4-methylphenyl)

urea (Figure 1). This material is insoluble in TDI

and precipitates, thereby inhibiting further reac-
tion to form polymers (Figure 2). If TDI is
warmed to increase the solubility of this disubsti-
tuted urea, the relative amount of the polymers
can be increased. It was therefore important that
TDI be stored in a dry environment.

Lot 228 was initially received at the bioassay
laboratory in two 10-pound metal cans. Storage
conditions were varied over the course of its use
in an attempt to determine the most suitable
conditions. These storage conditions may have
contributed to the cloudy appearance in the first
can, The cloudiness was first noticed in March
1979 (the 2-year studies began in December
1978), and the testing laboratory was directed to
use the second can, Use of the second can began
in July 1979, and this too was found to be cloudy.
Analysis of this rmaterial by Midwest Research
Institute (Appendix H) indicated that the sample
contained approximately 0.5% (w/w) of a non-
volatile material dissolved in the bulk liquid.

The isolated dried precipitate was analyzed by
mass spectrometry and was determined to be the
urea (Figure 1) and its polymericanalogs (Figure
2). Quantitation of the precipitated material
indicated that there was 0.3% (w/w) of this pre-
cipitate suspended in the bulk liquid. Since these
materials may be formed once the TDI reaches
the stomach of the animal, this small amount was

HaC NH— C — NH CH3

Figure 1. Structure of N,N'-Bis(3-isncyanato-4-methylphenyl)Urea

Toluene Diisocyanate
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1

H4C NH | CNH

CHj

NH | CNH CHg

N=C=0

Figura 2. Polymeric Analog of N N’-Bis(3-isocyanato-4-methylpheny!)Urea

not considered to be a serious problem. How-
ever, a new lot of the chemical (414417) was
procured and placed on test after being analyzed
and found to be suitable (May 1980). No evi-
dence of any polymer was detected in this lot
over the 10-month period that it was used and

stored in a desiccator at the testing laboratory.
Analysis by infrared spectrometry and vapor-
phase chromatography (using the same system
used for lot 228) indicated no change in the puri-
ty of the bulk chemical liquid, despite the pres-
ence of the precipitate in lot 228.

DOSE PREPARATION

TDI was administered by gavage because the
chemical is unstable in water or in feed, Doses
were prepared by weighing appropriateamounts
of TDI and mixing them with enough corn oil of
normal moisture content (0.05%) to give the
desired concentrations. (The stability of TDI in
corn oil and the results of analysis of the corn oil
for moisture are presented in Appendixes I and
J.} All glassware was oven dried and stored in a
dessicator until used. Gavage solutions were
stored at room temperature outside of a
desiccator.

The concentration of TDI in the corn oil for-
mulations was analyzed periodically at the bioas-
say laboratory (Appendix K). Since TDI corn
oil formulations were used for no more than 7
days, only those analyses performed during this

Males
60
49

Target dose (mg, kg) 30
Estimated dose (mg: kg) 23

Rats

19

time period are presented in Table Ki. Accord-
ing to the MR report (Appendix 1), the animals
could have received 77-909% of the target dose at
the end of the dosing period (7 days after prepa-
ration). The results from the bioassay laboratory
indicate the importance of glassware preparation
and sample handling, since the results did not
always parallel those predicted by the MRI sta-
bility study.

On the average, the groups of animals that
received 9, 18, 36, or 72 mg/ml formulations
received approximately 775, 829, 90%. or 849
of the target doses, respectively. When doses in
the 2-year study are examined in terms of the
milligrams of TD] administered per kilogram of
body weight, the following estimated doses can
be calculated:

Mice
Females Males Females
120 120 240 60 120
108 108 202 49 108

Toluene Diinocyanate



I1. MATERIALS AND METHODS: SINGLE-DOSE STUDIES

SINGLE-DOSE STUDIES

Male and female F344/N rats and B6C3F,
mice (C57BL/6NxC3H/HeN MTV-) were ob-
tained from Frederick Cancer Research Center,
quarantined, and held for approximately 6
weeks before the test began. Animals were
approximately 10 weeks old when placed on
study.

Groups of five rats of each sex were adminis-
tered a single dose of TDI (2,150, 3,160, 4,640,
6,810, 10,000, or 14,700 mg/ kg body weight) in
corn oil by gavage, and groups of five mice of
each sex received doses of 2,150 (males only),

3,160, 4,640, 6,810, or 10,000 mg/ kg by the same
route, No controls were used. All animals were
observed for mortality for 14 days; observations
were made every 30 minutes for the first 8 hours
and then daily for the rest of the study.

Rats were housed two or three per cage and
mice were housed five per cage. Animals received
water and feed ad /ibitum during the observation
period. Details of animal maintenance are pre~
sented in Table |. Necropsies were performed on
all animals.

FOURTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F
mice were obtained from Frederick Cancer
Research Center and held for 2to 3 weeks before
the study began. Animals were 6 to 7 weeks old
when placed on study.

Two studies were conducted. In the first,
groups of five rats and mice of each sex were
administered TDI in corn oil at doses of 0, 500,
1,000, 2,000, 3,000, or 4,000 mg/ kg for 14 con-
secutive days, Similar groups of rats and mice in

the second study received doses of 0, 30, 60, 120,
240, or 500 mg/kg on the same schedule.

Rats were housed two to three per cage and
mice five per cage and received water and feed ad
libitum. Details of animal maintenance are pre-
sented in Table 1.

Rats and mice were observed daily for mortal-
ity and were weighed on days 0, 7, and 14.
Necropsies were performed on all animals.

THIRTEEN-WEEK STUDIES

Two 13-week studies were conducted to evalu-
ate the cumulative toxicity of TDI and to deter-
mine the doses to be used in the 2-year studies.

Three-to-four-week-old male and female F344
rats and B6C3F, mice were obtained from Fred-
erick Cancer Research Center for the first study
and from Charles River Breeding Laboratories
for the second study. Animals on the first study
were held for 12 days. randomized by weight.
and then assigned to test groups so that average
cage weights were approximately equal for all
animals of the same sex and species. Rats were 6
weeks old and mice 5 weeks old when placed on
study. For the second study, rats were held §
weeks and mice 5 weeks before the test began: the
animals were 12 and 9 weeks old, respectively,
when placed on study.

Toluene Diisocyvanate

Rats and mice were housed five per cage in
polycarbonate cages (Table l). They received
Purina® Lab meal and water in bottles (acidified
to pH 2.5 for bacterial control) ad libitum.

In the first study, groups of 10 rats of each sex
received TDI in corn oil by gavage at doses of 0,
7. 15, 30, 60. 120, or 240 mg, kg body weight. 5
days per week for 13 weeks. and groups of 10
mice of each sex received doses of 0. 6, 12, 25. 50,
or 100 mg kg on the same schedule. Rats and
mice in the second study were ad ministered TD1
at doses of 0, 15, 30. 60, 120, or 240 mg kg.

Animals were checked for mortality and signs
of morbidity twice daily. Those animals that
were judged moribund were killed and necrop-
sied. Each animal was given a clinical examina-
tion weekly, including palpation for tissue
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masses or swelling. Body weight data were col-
lected weekly.

At the end of the 91-day study, survivors were
killed, and necropsies were performed on ani-
mals that survived to the end of the study and on
all animals found dead. unless preciuded in
whole or in part by autolysis or cannibalization.
Thus, the number of animals from which partic-
ular organs or tissues were examined microscop-
ically varies and does not necessarily represent
the number of animals that were placed on study
in each group. The following specimens were
examined histopathologically for control and
high dose groups: gross lesions, tissue masses,

abnormal lymph nodes, skin, mandibular lymph
nodes, mammary gland, salivary gland, thigh
muscle, sciatic nerve, bone marrow, costochon-
dral junction (rib), thymus, larynx, trachea,
lungs and bronchi, heart, thyroid. parathyroid,
esophagus, stomach, duodenum, jejunum, ile-
um, colon, mesenteric lymph nodes, liver, gall-
bladder (mice), pancreas, spleen. kidneys,
adrenals. bladder, seminal vesicles/prostate/
testes or ovaries/uterus, nasal cavity, brain,
pituitary, and spinal cord. Tissues were pre-
served in 109 neutral buffered formalin,
embedded in paraffin, sectioned. and stained
with hematoxylin and eosin.

TWO-YEAR STUDIES

Study Design

Groups of 50 male rats received TDI in corn
oil by gavage at doses of 0, 30, or 60 mg/ kg body
weight; groups of 50 male mice received 0, 120, or
240 mg/kg; groups of 50 female rats and 50
female mice received 0, 60, or 120 mg,; kg. Doses
were administered 5 days per week for 106 weeks
(rats) or 105 weeks (mice).

Additional groups of 50 rats and 50 mice of
each sex were started as untreated controls but
were subsequently sacrificed at 87 weeks.

Source and Specifications of
Test Animals

Six-week-old male and female F344/N rats
and B6C3F; mice were obtained from Harlan
Industries, observed for 6 weeks, and then
assigned to cages according to a table of random
numbers. The cages were then assigned to con-
trol and dosed groups accordingto anothertable
of random numbers. Rats and mice were 12
weeks old when placed on study.

Animal Maintenance

Rats and mice were housed five per cage in
polycarbonate cages covered with nonwoven fil-
ter sheets (Table 1). Racks and filters were
changed onceevery 2 weeks, Cages, bedding, and
glass water bottles (equipped with stainless steel
sipper tubes) were replaced twice per week. Tap
water (acidified to pH 2.5 for bacterial control)
and feed were available ad libitum.
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The temperature in the animal rooms was 20°-
26°C and the humidity was 20%-78%. Twelve to
15 changes of room air per hour were provided.
Fluorescent lighting provided illumination 12
hours per day.

Clinical Examinations and Pathology

All animals were observed twice daily for mor-
tality and morbidity, Clinical signs and the
results of palpations were recorded every 4
weeks. Body weights were recorded once per
week for the first 13 weeks and then monthly
thereafter. The mean body weight of each group
was calculated by dividing the total weight of all
animals in the group by the number of surviving
animals in the group. Moribund animals and
animals that survived to the end of the study were
killed with carbon dioxide and necropsied.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered formalin,
embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. The following were
examined microscopically: tissue masses, abnor-
mal lymph nodes, skin, mandibular lymph
nodes, mammary gland, salivary gland, thigh
muscle, sciatic nerve, bone marrow, costochon-
dral junction (rib), thymus, larynx, trachea,
lungs and bronchi, heart, thyroid, parathyroid,
esophagus, stomach, duodenum, jejunum, ile-
um, colon, mesenteric lymph nodes, liver, gall-
bladder (mice), pancreas, spleen, Kkidneys,
adrenals, bladder, seminal vesicles/ prostate;/
testes or ovaries/uterus, brain, and pituitary.

Toluene Diisocyanate
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Necropsies were performed on all animals
found dead and on those killed at the end of the
study, unless precluded in whole or in part by
autolysis or cannibalization. Thus, the number
of animals from which particular organs or
tissues were examined microscopically varies
and is not necessarily equal to the number of
animals that were placed on study in each group.

The classification of neoplastic nodules was
done according to the recommendations of
Squire and Levitt (1975) and the National
Academy of Sciences (1980).

When the pathology examination was com-
pleted, the slides, individual animal data records,
and summary tables were sent to an independent
quality assurance laboratory. Individual animal
records and tables were compared for accuracy,
slides and tissues were verified, and histotech-
niques were evaluated. All tumor diagnoses,
target tissues, and tissues from a randomly
selected 109 of the animals were evaluated by a
pathologist. Slides of all target tissues and those
about which the original and quality assurance
pathologists disagreed were submitted to the
Chairperson of the Pathology Working Group
{PWG) for evaluation. Representative slides
selected by the Chairperson were reviewed
blindly by PWG pathologists, who reached a
consensus and compared their findings with the
original diagnoses. When disagreements occur-
red, the PWG sent the appropriate slides and
their comments to the original pathologist for
review, (This procedure has been described by
Maronpot and Boorman, 1982.) The final diag-
nosis represents a consensus of contractor
pathologists and the NTP Pathology Working
Group.

Data Recording and Statistical
Methods

Data on this experiment were recorded in the
Carcinogenesis Bioassay Data System (Linhart
et al., 1974). The data elements include descrip-
tive information on the chemicals, animals,
experimental design, clinical observations, sur-
vival, body weight, and individual pathologic
results, as recommended by the International
Union Against Cancer (Berenblum, 1969).

Probabilities of survival were estimated by the
product-limit procedure of Kaplan and Meier
(1958) and are presented in this report in the
form of graphs. All animals dying of accidents or
found to be missing were statistically censored
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from the survival analysis at the time of death.
Statistical analyses for a possible dose-related
effect on survival used the method of Cox (1972)
for testing two groups for equality and Tarone’s
(1975) extensions of Cox's methods for testing
for a dose-related trend. All reported P values
for the survival analysis are two-sided.

The incidence of neoplastic or nonneoplastic
lesions has been given as the ratio of the number
of animals bearing such lesions at a specific ana-
tomic site to the number of animals in which that
site was examined. In most instances, the
denominators included only those animals for
which that site was examined histologically.
However, when macroscopic examination was
required to detect lesions (e.g., skin or mammary
tumors) prior to histologic sampling, or when
lesions could have appeared at multiple sites
(e.g., lymphomas), the denominators consist of
the numbers of animals necropsied.

For the statistical analysis of tumor incidence
data, two different methods of adjusting for
intercurrent mortality were employed. Each
used the classical methods for combining contin-
gency tables developed by Mantel and Haenszel
(1959). Tests of significance inciuded pairwise
comparisons of high and low dose groups with
controls and tests for overall dose-response
trends.

The first method of analysis assumed that all
tumors of a given type observed in animals dying
before the end of the study were “fatal”; i.e., they
either directly or indirectly caused the death of
the animal. According to this approach, the pro-
portions of tumor-bearing animals in the dosed
and control groups were compared at each point
in time at which an animal died with a tumor of
interest. The denominators of these proportions
were the total number of animals at risk in each
group. These results, including the data from
animals killed at the end of the study, were then
combined by the Mantel-Haenszel methods to
obtain an overall P-value. This method of
adjusting for intercurrent mortality is the life
table method of Cox (1972) and of Tarone
(1975).

The second method of analysis assumed that
all tumors of a given type observed in animals
dying before the end of the study were “inciden-
tal”; i.e., they were merely observed at necropsy
in animals dying of an unrelated cause. Accord-
ing to this approach, the proportions of animals
found to have tumors in dosed and control
groups were compared in each of five time
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intervals: 0-52 weeks, 53-78 weeks, 79-92 weeks,
week 93 to the week before the terminal kill, and
the terminal kill period. The denominators of
these proportions were the number of animals
actually necropsied during the time interval. The
individual time interval comparisons were then
combined by the previously described methods
to obtain a single overall result. (See Peto et al.,
1980, for the computational details of both
methods.)

In addition to these tests, one other set of
statistical analyses was carried out and reported
in the appendix containing the analyses of tumor
incidence: the Fisher exact test for pairwise com-

23

parisons and the Cochran-Armitage linear trend
test for dose-response trends (Armitage, 1971;
Gart et al., 1979). These tests were based on the
overall proportion of turnor-bearing animals.
All reported P values for the tumor incidence
analyses are one-sided.

For studies in which there is little effect of
compound administration on survival, the
results of the three alternative analyses will gen-
erally be similar, When differing results are
obtained by the three methods, the final inter-
pretation of the data will depend on the extent to
which the tumor under consideration is regarded
as being the cause of death.

Toluene Diisocyanate
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS

Single-Dose Studies

14-Day Studies

13-Week Studies

2-Year Studies

Experimental Design
Size of Test Groups

Doses

Duration of Dosing

Type and Frequency
of Observation

Necropsy and Histologic
Examination

5 males and 5 females
of each species

Rats: males and females—
2,150, 3,160, 4,640, 6,810,

10,000 or 14,700 mg/kg body
weight toluene diisocyanate

in corn oil

Mice: males: 2,150, 3,160,
4,640, 6,810, or 10,000
mg/kg;

fernales: 3,160, 4,640,
6,810, or 10,000 mg/kg
body weight toluene
diisocyanate in corn oil

Single dose

Observed for mortality
every 1/2 hour for first
8 hrs and then daily

Necropsies were performed
on all animals

5 males and 5 females
of each species

Rats: Ist study: 0, 500,
1,000, 2,000, 3,000, or

4.000 mpg/kg;

2nd study: 0, 30, 60,

120, 240, or 500 mg/kg body
weight toluene diisocyanate
in corn oil

Mice: 1st study: 0,

500, 1,000, 2,000,

3,000, or 4,000 mg/kg toluene
diisocyanate in corn oil;

2nd study: 0, 30, 60,

120, 240, or 500 mg/ kg

Daily for 14 days

Observed daily for mortality
and morbidity

Necropsies were performed
on all animals

10 males and 10 females
of each species

Rats; males and females—

Ist study: 0, 7, 15, 30, 60,

120, or 240 mg/kg body weight
toluene diisocyanate in

corn oil;

2nd study: 0, 15, 30, 60, 120,
or 240 mg/kg body weight
toluene dusocyanate in corn

oil

Mice: males and females—

Ist study: 0, 6, 12, 25, 50,

or 100 mg/kg body weight
toluegne diisocyanate in

com oil;

2nd study: 0, 15, 30, 60, 120,
or 240 mg/ kg body weight TDI
in corn oil.

Five days per week for
13 weeks

Observed twice daily for
mortality and morbidity;
weighed weekly

Necropsies were performed
on all animals; histopatho-
logic examinations performed
on control and high-dose
groups

50 males and 50 females
of each species

Rats: males: 0, 30, or
60 mg/ kg body weight;
females: 0, 60, or

120 mg/ kg body weight
toluene diisocyanate in
corn oil

Mice: males: 0, 120 or
240 mg/kg body weight;
females: 0, 60, or

120 mg/kg body weight
toluene diisocyanate in
corn oil.

Five days per week for
106 weeks (rats)
or 105 weeks (mice)

Observed twice daily for
mortality and morbidity;
clinical signs taken and
palpation done every 4
weeks; weighed once per
week for 13 weeks,

then monthly

Necropsies and
histopathologic
examinations were
performed on all animals
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued)

Single-Dose Studies

14-Day Studies

13-Week Studies

2-Year Studies

Animals and Animal Maintenance

Species

Animal Source

Time Held Before
Start of Test

Age When Placed on Study

Age When Killed

Method of Animal

Distribution

Feed

Bedding

Water

F344/N rats;
B6C3F| mice

Frederick Cancer
Research Center
(Frederick MD)

6 weeks

10 weeks

12 weeks

Purina® Laboratory
Chow (ground), Ralston
Purina Co. (St. Louis,
MO); provided ad libitum

Ab-sorb-dri® hard-
wood chips

Lab Products, Inc
(Garfield, NJ)

Tab water acidified to
pH 2.5 provided by water
bottles.ad libjtun

F344/N rats;
B6C3F| mice

Frederick Cancer Research
Center

Ist study: 3 weeks
2nd study: 2 weeks

Ist study: 7 weeks
2nd study: 6 weeks

Ist study: 9 weeks

2nd study: 8 weeks

Same as single-dose study

Same as single-dose study

Same as single-dose study

F344/N rats;
BSC3F] mice

Ist study: Frederick Cancer
Resecarch Center

2nd study: Charles River
Breeding Laboratories
(Wilmington, DE)

Ist study: 12 days
2nd study: rats: 8 weeks;
mice: § weeks

Ist study: rats: 6 weeks;
mice: 5 weeks

2nd study: rats: 12 weeks
mice: 9 weeks

Ist study: rats: 19 weeks
mice: 18 weeks
2nd study: rats: 25 weeks
mice; 22 weeks

Animals were randomized by

weight

Same as single-dose study

Same as single-dose study

Same as single-dose study

F344/N rats;
B5C3F] mice

Harlan Industries, Inc.
(Indianapolis, IN)

Rats: 6 weeks
Mice: 6 weeks

Rats: 12 weeks
Mice: 12 weeks

119 weeks

Animals assigned to
groups according to

a series of computer-
generated random numbers

Same as single-dose study
but supplied pellets

Same as single-dose study

Same as single dose study
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued)

Single-Dose Studies 14-Day Studies 13-Week Studies 2-Year Studies
Animals and Animal Maintenance
Cages Polycarbonate Polycarbonate Polycarbonate Polycarbonate
Lab Products, Inc.
Garfield, NJ)
Cage Filters - - Non-woven polyester Non-woven polyester
filter paper,
Snow Filtration Co.
(Cincinnati, OH)
Animals Per Cage Rats: 2-3 per cage; Rats: 2-3 per cage; 5 per cage 5 per cage
Mice: 5 per cage Mice: 5 per cage
Animal-Room Environment — — 22° t0 25°C; 20° to 26°C;
30%-70% relative 209%-78% relative
humidity humidity; 12-15 room
air changes per hour;
12 hours per day
fluorescent light
Other Chemicals on Rats: diallyl Diphenyl methane None None
Test in Same Room phthalate, 2 6-dichloro- diisocyanate
p-phenylenediamine,
caprolactam;
Mice: diallyl phthalate,
2,6-dichloro-p-phenylene-

Chemical/Vehicle Mixture

Preparation

Maximum Storage Time

Storage Conditions

diamine, caprolactam

Toluene diisocyanate was
dissolved in corn oil

at a concentration of
500 mg/ml

Prepared within 2 hours
of dosing

Toluene diisocyanate was
dissolved in corn oil at a
concentration of 250 mg/ml
for the Ist study and

45 mg/ml for the 2nd study

Prepared within 2 hours
of dosing

Toluene diisocyanate was-

dissolved in corn oil at
concentrations of 16 or
32 mg/ml

Prepared daily

Toluene diisocyanate was
dissolved in corn oil at
concentrations of 9, 18,
36, or 72 mg/ml

1 week

Room temperature
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III. RESULTS: RATS—SINGLE-DOSE STUDIES

SINGLE-DOSE STUDIES

Mortality was proportional to the dose of TDI
administered (Table 2). Loss in mean body
weight was greater than 10 g in all groups of
dosed males. In rats receiving 10,000 or 14,700
mg/ kg, death was preceded by labored breath-

ing, inactivity, and diarrhea. White, crystalline
material was found in the stomach and dark red
lungs were observed at necropsy; these findings
were dose related.

FOURTEEN-DAY STUDIES

Two 14-day studies were conducted because
the initial study resulted in excessive mortality in
all dosed groups (Table 3). Dose levels for the
second 14-day study were an order of magnitude
less than those in the original study; few animals

died and deaths were not dose related. Mean
body weight relative to controls was depressed
by more than 10% in male rats administered
doses of 120 mg/kg or more and female rats
administered 500 mg/ kg.

TABLE 2. SURVIVAL AND MEANBODY WEIGHTS OF RATS ADMINISTERED A SINGLE DOSE OF
TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE

Mean Body Weights (grams)

Dose Survival (a)
(mg/kg) (Day of Death) Initial Final Change
MALES
2,150 3/5(59 272 260 -12
3,160 2/5(1,3,14) 264 244 -20
4,640 3/5(2,10) 238 214 -24
6,810 3/5(4.5) 222 204 -18
10,000 0/5 (1,1,1,2,2) 263 — —
14,700 0/5(22,2,2,2) 241 — —
FEMALES
2,150 5/5 162 165 +3
3,160 3/5@.3) 163 161 -2
4,640 3/52.2) 150 144 -6
6,810 0/5(2,2,3,4,4) 150 — —
10,000 1/5(3,3,3,3) 157 133 -24
14,700 0/5(1,2,2,2,2) 144 — —

(a) Number surviving, number per group

Toluene Diisocyanate
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TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS OF RATS ADMINISTERED TOLUENE
DIISOCYANATE IN CORN OIL BY GAVAGE FOR 14 DAYS

Final Body Weights

Mean Body Weights (grams) Relative to
Dose Survival fa) Controls fb)
(mg/kg) (Day of Death) Initial Final Change (Percent)

FIRST STUDY

MALES
0 4 5(1hH 120 174 +54 -
500 2 5(1.29) 119 131 +12 -25
1.000 1 5{1.1.7.10) 120 164 +44 -6
2.000 0 5(2.23.3.5) 120 e — —
3,000 0 5{(234.66) {19 e — -
4,000 0522334 19 e — e
FEMALES
0 55 99 126 +27 —
560 3 5(89) 99 (2! +12 -12
1,000 | 5(2.6.6.9 98 98 0 -22
2.000 1 5(222.3% 99 100 + 1 =21
3.000 0:5(2.245.6) 99 —_ o —
4,000 0:5(33.34.6) 99 - - —
SECOND STUDY
MALES
0 55 97 163 +66 -
30 4;5 (10) 97 158 +61 -3
60 5.5 97 156 +59 -4
120 55 98 144 +46 -12
240 4,5 (5) 97 126 +29 -23
500 55 97 106 +9 -35
FEMALES
0 55 87 126 +39 —
k0] 4/5(3) 87 128 +38 -1
60 5,5 87 i19 +32 -6
120 5/5 87 119 +32 -6
240 4;5(7) 87 120 +33 -5
500 4/5 (4) 26 105 +19 -17

(1) Number surviving/ number per group
(h) Weight of the dosed group relative to that of the controls =
Weight (Dosed Group) - Weight {Control Group)

00
Weight (Control Group) *
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III. RESULTS: RATS—THIRTEEN-WEEK STUDIES

THIRTEEN-WEEK STUDIES

Two 13-week studies were conducted. In the
initial study, additional groups were started at
doses of 0, 120, and 240 mg/ kg when no weight
gain depression was observed in the original test
groups after 60 days on study (Table 4). Since the
patterns of mortality between the two 120 mg/ kg
groups were inconsistent and there was no dose-
response relationship when 240 mg/kg was
administered, the second 13-week study was
conducted.

In the second study, only one death (a female
receiving 240 mg/ kg) was considered to be com-
pound related (Table 4). Mean body weight, rela-
tive to controls, was depressed by 10% or more in
male rats receiving 120 or 240 mg/ kg; weight
gain was not depressed in female rats. Mucoid
bronchopneumonia was mild to moderate in
8/10 males that received 240 mg/kg, moderate to

severe in 2/10 females administered 240 mg, kg.
and moderate in 1;2 males that received 120
mg/kg and died before the end of the study. The
accumulation of mucoid material in bronchioles
was referred to as “mucoid bronchopneumonia.”
even though this lesion was not entirely inflam-
matory. The less severe lesions consisted of
mucoid material and a few plump macrophages
that were assumed to have originated as alveolar
macrophages. The more pronounced lesions had
more neutrophils.

Doses of 30 and 60 mg/kg were selected for
males and doses of 60 and 120 mg/kg were
selected for females in the 2-year study because
depression in mean body weight gain and
mucoid bronchopneumonia had been observed
at higher doses.

TWO-YEAR STUDIES

Body Weights and Clinical Signs

Mean body weights of dosed rats were lower
than those for the controls after week 10 in males
and week 20 in females. The depressions in mean
body weight gains were dose related (Table 5 and
Figure 3). No other compound-related clinical
signs were observed.

Survival

Estimates of the probabilities of survival of
male and female rats administered TDI in corn
oil at the doses used in these studies, and those of
the controls, are shown by the Kaplan and Meier
curves in Figure 4. In male rats, the survival of
animals in the two dosed groups was signifi-
cantly shorter than that of the controls
{P<0.001), Infemales, the survival in each dosed
group was significantly shorter than that in the
controls (high dose, P<0.001; low dose,
P=0.005), and the survival in the high dose
group was significantly shorter than that in the
low dose group (P=10.001). One control, six low

Toluene Diisocyanate
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dose, and three high dose males and one high
dose female and five low dose females were
accidentally killed and were censored from the
statistical analysis of survival,

In male rats, 36/50 (729%) of the controls,
14/50 (28%) of the low dose, and 8/50 (169%) of
the high dose group lived 1o the end of the study
at 108 weeks. In female rats, 36/50 (72%) of the
controls, 19/50 (389%) of the low dose, and 6/50
(129%) of the high dose group lived to the end of
the study at ]0B weeks. The survival data
included one control male and one high dose
female that died during t he termination period of
the study. For statistical purposes, these animals
are considered to have been killed at the end of
the study. Because of the reduced survival in
dosed male and female rats, the statistical proce-
dures that adjust for intercurrent mortality (life
table and incidental tumor tests) were regarded
as more meaningful than the “unadjusted” ana-
lyses in the evaluation of tumor incidence data in
these groups.



TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS OF RATS ADMINISTERED TOLUENE
DIISOCYANATE IN CORN OIL BY GAVAGE FOR 13 WEEKS

Mean Body Weights (grams)

Final Body Weights

Relative to

Dose Survival (a) Controls (b)
(mg/kg) (Week of Death) Initial Final (d) Change (Percent)
FIRST STUDY
MALES
0 10/10 110 288 +178 —
7 9/10 (8) 111 283 +172 -2
15 10/10 112 284 +172 -1
30 7/10 (1,2,7) 112 277 +165 -4
60 8/10 (6.6) 108 270 +162 -6
120 7/10 (6.6,7) 109 249 +140 -14
0(c) 10/10 99 288 +189 -
120 (¢) 9/10 (12) 99 276 +177 -4
240 (¢) 7/10 (10,13,13) 99 237 +138 -18
FEMALES
0 10/10 96 190 + 94 —
7 9/10(7) 95 190 + 95 0
15 9/10 (7) 96 184 + 88 -3
30 7/10 (1,1,5) 95 181 + 86 -5
60 7/10 (2,5.5) 96 177 + 81 -7
120 6/10 (1,1,6,6) 96 172 + 76 -9
0(c) 10/10 81 185 .+104 -
120 (¢) 10/10 82 175 + 93 -5
240 (¢) 10/10 81 155 .+ 74 -16
SECOND STUDY
MALES
0 10/10 189 317 +128 —_—
15 10/10 178 3i5 +137 -1
30 10/10 185 316 +131 0
60 9/10(7) 172 312 +140 -2
120 8/10 (8,9) 177 283 +106 -11
240 10,10 182 278 +92 -12
FEMALES
0 10/10 150 198 + 48 —
15 10/10 144 193 + 49 -3
30 10/ 10 147 193 + 46 -3
60 10/10 148 198 + 50 _ 0
120 10,10 » 149 192 .+ 43 -3
240 9/10(7) 152 189 + 37 -5

(a) Number surviving number per group
(h) Weight of the dosed group relative to that of the controls =
Weight (Dosed Group) - Weight (Control Group)
Weight (Control Group)
(¢) Started 2 months after other group
(d) Weight at day 84

100
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TABLE 5. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES
OF TOLUENE DOSOCYANATE

Weel * __ Vehicle Control Low Dose High Dose
on Av.Wt.  No.of Av. Wt. Wt (percent No.of Av.Wt. Wt (percent No.of
Study (grams) Survivors (grams) ofveh controls) Survivors (grams) of veh controla) Survivors
MALE
0 184 50 181 99 50 198 109 50
1 200 50 190 95 sa 200 100 50
2 311 50 210 100 50 212 100 50
s 224 50 227 101 30 228 102 “®
4 240 50 240 100 50 239 100 “
5 292 50 298 103 “ 237 102 4
s 289 50 249 98 “ 256 101 47
7 263 50 260 90 Y 208 102 a1
8 m 50 263 ' L 266 08 S
9 288 50 m 96 “ 278 98 “
10 283 50 268 98 48 264 o4 4
1 98 50 280 86 a 266 80 v
12 207 50 284 98 41 272 92 40
13 303 50 290 98 4 278 22 40
18 323 50 308 96 a 704 91 89
20 358 50 338 9e 4 e 88 39
2 887 9 338 9 4 9323 80 39
2 s 4“9 351 8 30 330 89 38
3 384 4 388 98 9 341 80 38
8 398 49 367 [ 39 338 85 k]
4 “n 49 378 84 87 1 8 38
“ 411 9 318 0 $7 asp 83 33
4 418 49 387 83 87 348 8 32
4] 418 L) 388 b2 38 37 a1 a3
58 428 49 388 21 39 a3s ™ 30
80 421 49 879 90 a8 335 77 20
& 42 4 388 90 39 332 71 2
o 4% 49 381 90 81 A '] ¥
73 47 4 3768 88 81 ] 78 27
k(] 430 L] 8T 8§ 30 328 78 L]
80 435 41 &70 87 28 329 L 28
8 4% a 370 o7 27 377 7 20
s 410 " 354 88 27 328 ™ 20
2 18 48 358 86 28 314 7 18
9o 43 a 983 2% 28 318 ” 14
100 4’ 39 388 87 20 309 75 13
104 P 38 350 88 18 318 78 10
FEMALE
0 130 50 184 108 50 189 107 54
1 187 2 188 101 50 148 108 80
2 148 ' 148 99 50 149 102 80
3 184 A 151 98 50 158 101 80
4 161 50 187 98 50 162 101 50
5 181 50 161 100 48 166 108 50
] 167 50 188 29 47 168 o 50
7 M 50 1m 100 “ 17§ 101 50
8 174 50 1 9 “ 178 99 9
9 178 50 178 100 4 182 103 4
10 180 s 178 58 4 173 7 41
11 181 50 182 101 a2 178 97 a7
11 188 50 179 o7 4 181 98 41
13 188 50 183 83 a 179 9o 47
18 191 50 186 81 41 188 96 41
20 208 50 197 96 41 198 94 4
24 200 50 203 o7 4 199 ) u“
28 11 50 200 25 59 191 0 43
a3 720 50 208 o4 39 198 a9 4
38 I8 50 20 ] 39 198 88 4
] M 50 m 91 39 198 8 Ity
“ 238 50 208 88 39 158 83 )
“® 7 50 P 89 39 196 s 4
53 ™7 50 208 87 39 17 81 40
58 248 50 13 86 ] 192 78 40
& 243 50 209 88 ) 187 T 40
6 258 50 N4 85 59 191 (0 40
8 261 4“9 214 83 8 185 7 39
™ 207 49 215 81 8 189 T 37
6 78 8 318 7 34 190 4 38
80 m 41 218 70 38 184 6 80
84 284 4 318 8 38 189 &7 28
88 283 “ 218 76 N 193 s 26
” 288 “ 4 7% 30 189 ] 2
9 291 a 216 74 30 198 ¢7 20
100 793 4l 218 74 20 208 7 18
104 207 8 219 7 F 4 5 10
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PROBABILITY OF SURVIVAL
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III. RESULTS: RATS—TWO-YEAR STUDIES

Pathology and Statistical Analyses
of Results

Histopathologic findings on neoplasms in rats
are summarized in Appendix A, Tables Al and
A2; Appendix Tables A3 and A4 give the survi-
val and tumor status for individual male and
female rats. Findings on nonneoplastic lesions
are summarized in Appendix C, Tables Cl and
C2. Historical incidences of tumors in control
animals are listed in Appendix E. Because of the
reduced survival observed in dosed groups rela-
tive to controls, a direct comparison of overall
tumor incidences in dosed groups and historical
controls may be misleading. The historical con-
trol data are included primarily to determine
how representative the tumor incidences ob-
served in concurrent vehicle controls are with
respect to other studies in the bioassay program.
Appendix F, Tables F1 and F2, contain the sta-
tistical analyses of those primary tumors that
occurred with an incidence of at least 5% in one
of the three groups. The statistical analyses used
are discussed in chapter 11 (Data Recording and
Statistical Methods) and Appendix F (foot-
notes).

Untreated Controls: At week 87 untreated
controls were sacrificed and examined. The inci-
dence and type of tumors in individual rats did
not appear different from the normal back-
ground of tumors in the F344/N rat. Thus these
data are not given in this report.

Subcuraneous Tissue: Fibromas or fibrosar-
comas occurred in male rats with a statistically
significant positive trend, and the incidence in
the high dose males was significantly higher than

35

that in the controls (Table 6). (See Appendix E,
Table El for a comparison of these test inciden-
ces with a combined historical control rate of
6.5%.)

Fibromas or fibrosarcomas also occurred in
female rats with a statistically significant positive
trend, and the incidence in the high dose females
was higher than that in the controls by life table
analysis (Table 6). (See Appendix E, Table E2
for a comparison of these test incidences with a
combined historical control rate of 1.6%.)

Mammary Gland: By life table and incidental
tumor test analyses, there were statistically sig-
nificant increases in the incidence of combined
mammary gland tumors in female rats in both
low dose and high dose groups (Table 7). Since
these mammary gland tumors and subcutaneous
tissue tumors were all found in the axillary and
inguinal areas, they are regarded as all arising
from mammary tissue. The survival-adjusted
tumor incidences provide a more meaningful
comparison than unadjusted overall tumor rates.
For example, the first tumor was seen in an
animal dying at week 84, and the proportions of
animals surviving at least to week 84 with com-
bined mammary gland tumors were: controls,
17/45 (38%); low dose, 25/36 (69%); and high
dose, 21/28 (75%). See Appendix E, Table E3 for
a comparison of these test incidences with a his-
torical control rate of 23% for combined mam-
mary gland tumors.

There we no differences in the incidence of
mammary gland fibroadenomas in male rats
after 30 or 60 mg/ kg TDI treatment compared to
controls (Appendix F, Table F1).

Toluene Diisocyanate



TABLE 6. INCIDENCES OF RATS WITH SUBCUTANEOUS TUMORS

MALES
Vehicle 30 60
Control mg/kg mg/kg
Flbroma
Overall Incidence 3/50 (6%) 3/50 (6%) 9/50 (18%)
Adjusted Incidence 8.3% 16.5% 56.6%
Terminal Incidence 3/36 (8%) 1/14 (1%) 3/8 (38%)
Life Table Test P<0.001 P=0.258 P<0.001
Incidental Tumor Test P=0.002 P=0.415 P=0.004
Fibrosarcoma
Overall Incidence 0/50 (0%) 3/50 (6%) 3/50 (6%)
Adjusted Incidence 0.0% 19.0% 23.1%
Termina!l Incidence 0/36 (0%) 2/14 (14%) 0/8 (0%)
Life Table Test P=0.003 P=0.020 P=0.008
Incidental Tumor Test P=0.021 P=0.044 P=0.089
Fibroma or Fibrosarcoma
Overall Incidence 3/50 (6%) 6/50 (12%) 12/50 (24%)
Adjusted Incidence 8.3% 33.59, 66.6%
Terminal Incidence 3/36 (8%) 3/14 (21%) 3/8 (38%)
Life Table Test P<0.001 P=0.016 P<0.,00¢
Incidental Tumor Test P<0.001 P=0.056 P<0.001
FEMALES
Yehicle 60 12¢
Control mg/kg mg/kg
Fibroma
Overall Incidence 0/50 (0%) 1/50 (2%) 3/50 (6%)
Adjusted Incidence 0.0% 5.3% 35.7%
Terminal Incidence 0/36 (0%) 1/19 (5%) 176 (17%)
Life Table Test P<0.001 P=0.373 P=0.001
Incidental Tumor Test P=0.019 P=0.373 P=0.083
Fibroma or Fibrosarcoma
Overall Incidence 2/50 (4%) 1/50 (2%) 5/50 (10%)
Adjusted Incidence 5.3% 5.3% 51.8%
Terminal Incidence 1/36 (3%) 1/19 (5%) 2/6 (33%)
Life Table Test P<<0.001 P=0.715N P<0.001
Incidental Tumor Test P=0.038 P=0.609N P=0.092

TABLE 7. COMBINED INCIDENCES OF MAMMARY GLAND TUMORS AND SUBCUTANEOUS
TISSUE TUMORS IN FEMALE RATS

Vehicle 60 120

Controi mg/kg mg/kg
Overall Incidence 17/50 (34%) 25/50 (50%) 21/50 (42%)
Adjusted Incidence 43.1% 88.8% 91.1%
Terminal Incidence 14/36 (39%) 16/ 19 (849%) 4/6 (67%)
Life Table Test P<0.001 P<0.001] P<0.001
Incidental Tumor Test P<0.001 P<0.001 P=0.009

Toluene Diisacyanate
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III. RESULTS: RATS—TWO-YEAR STUDIES

Hematopoietic System: Monocytic leukemia
was observed in male and female rats with a
statistically significant decreasing trend (Table
8). and the pairwise comparisons between the
control and dosed groups were significant. These
decreases were not significant by life table analy-
sis. See Appendix E. Tables E4 and ES for a
comparison of these test incidences with a histor-
ical control rate of 9.60; (males) and 13.20;
(females) for leukemia.

Pancreas: Acinar cell adenomas were ob-
served in male rats with a statistically significant
trend, and the incidence in the high dose group
was significantly higher than that in the controls
(Table 9). See Appendix E, Table E6 fora com-
parison of these test incidences with a historical
control rate of 0.6%. In high dose female rats one
acinar cell adenoma and one acinar cell carci-
noma were observed.

The adenomas were sharply demarcated from
the surrounding tissue and were characterized by
a loss of acinar structure, an increase in the
number of basophilic cells, and enlarged and
irregular nuclei with increased mitotic activity.

(Mitoses often averaged one to three per high-
power field.) The lesions were usually small,
often less than | to 2 millimeters in diameter.

A dose-related increase also was observed in
the number of male rats with nodular hyperpla-
sia of the pancreatic acinus (control, 0%; low
dose, 4% high dose, 8%).

Islet cell adenomas occurred in female rats
with a statistically significant positive trend
(Table 9); the incidences of dosed females with
these tumors were significantly higher than those
in the controls. An islet cell carcinoma was
observed in a low dose female rat. (See Appendix
E, Table E7 for a comparison of these test inci-
dences with a historical control rate of 0.8% for
adenomas and 0.1% for carcinomas.) The
markedly reduced survival in high dose female
rats may have been responsible for the lower
incidence of islet cell tumors in this group rela-
tive to the low dose group. In male rats, pancrea-
tic islet cell adenoma or carcinoma (combined)
showed a positive trend and increased incidence
in the high dose group by the life table test (Table
9).

TABLE 8. INCIDENCES OF MONOCYTIC LEUKEMIA IN RATS

MALES

Vehicle 30 60

Control mg/kg mg/kg
Overall Incidence 11/50 (22%) 4/50 (8%) 4/50 (8%)
Adjusted Incidence 25.5% 19.0% 19.2%
Terminal Incidence 5/36 (14%) 0/14 (0%) 0/8 (09%)
Life Table Test P=0.559N P=0.423N P=0.574
Incidental Tumor Test P=0.027N P=0.053N P=0.039N

FEMALES

Vehicle 60 120

Control mg/kg meg/kg
Overall Incidence 21/50 (42%) (a) 7/50 (14%) 4/50 (8%)
Adjusted Incidence 47.4% 26.3% 32.9%
Terminal Incidence 13/36 (36%) 2/19 (11%) 1/6 (17%)
Life Table Test P=0.168N P=0.120N P=0.392N
Incidental Tumor Test P<0.00IN P=0.006N P=0.00IN

(a) One lymphoma was observed in this group.
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TABLE 9. INCIDENCES OF PANCREATIC LESIONS IN RATS

MALES
Vehicle 30 60
Controt mg/kg mg/kg
Acinar Cell
Nodular Hyperplasia 0,47 (0%) 2 47 (4%¢) 4 49 (8¢))
Adenoma
Overall Incidence 1:/47 (2%) 3 47 (650) 7 49 (1457)
Adjusted Incidence 2.9¢; 18.2¢; 59.2¢¢
Terminal Incidence 1 35 (3%) 2 14 (14¢) 4 8 (50%)
Life Table Test P<0.001! P=0.075 P<0.001
Incidental Tumor Test P<0.001 P=0.128 P=0.001
MALES
Vehicle 30 60
Control mg/kg mg/kg
Islet Cell
Adenoma or Carcinoma
Overall Incidence 1,47 (2%) 0 47 (0%) 4 49 (8%)
Adjusted Incidence 2.9% 0.0%; 24.2¢;
Terminal Incidence 1,35 (3%) 014 (0%) I 8 (135)
Life Table Test P=0.007 P=0.682N P=0.013
Incidental Tumeor Test P=0.075 P=0.682N P=0.180
FEMALES
Vehicle 60 120
Control mg/kg mg/kg
Islet Cell
Adenoma
Overall Incidence 0/50 (0%) 6,49 (1267) (a) 2/47 (4%)
Adjusted Incidence 0.0% 24.2%, 33.3%
Terminal Incidence 0/36 (09%) 3/19 (169) 2/6 (33%)
Life Table Test P=0.008 P=0.003 P=0.006
Incidental Tumor Test P=0.054 P=0,010 P=0.006

(a) One islet cell carcinoma was also abserved in this group.

Liver: The incidence of female rats with neo-
plastic nodules occurred with a statistically sig-
nificant positive trend; the incidence of high dose
females with these nodules was significantly
higher than that of the controls (Table 10). (See
Appendix E, Table E8 for a comparison of these
test incidences with a historical control rate of
1.5% for liver tumors.)

Brain: Gliomas were found in two high dose
male rats and a pinealoma was found in a third
high dose male. (See Appendix E, Table E9fora
comparison of these test incidences with a histor-
ical control rate of 1.09; for all brain tumors.)

Toluene Diisocyanate
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Lungs: Acute bronchopneumonia was found
in increased incidence in dosed rats (males: con-
trol, 2/50, 4%; low dose, 6/50, 12%; high dose,
14/50, 28%; females: control, 1/50, 2%; low
dose, 10/ 50, 20%; high dose, 25/49, 51%; Appen-
dix Q).

Lung sections were examined from 11 male
and 10 female rats that died during the first 4
months of the studies. All lungs showed marked
congestion and variable amounts of pulmonary
edema. Edema occurred in the bronchioles and
alveoli and in a perivascular location. Slight to



TABLE 10. INCIDENCES OF NEOPLASTIC NODULES OF THE LIVER IN FEMALE RATS

Vehicle 60 120

Control mg/kg mg/kg
Overall Incidence 3/50 (6%) 8/50 (16%) 8/48 (17%)
Adjusted Incidence 8.0% 30.6% 60.19;
Terminal Incidence 2/36 (6%) 3/19 (16%) 3/6 (50%)
Life Table Test P<0.001 P=0.014 P<0.001
Incidental Tumor Test P=0.035 P=0.068 P=0.022

moderate amounts of perivascular lymphoplas-
macytosis were observed in four rats. Necrotiz-
ing suppurative pneumonia was detected in two
rats, and the lungs of one of these animals con-
tained numerous bacteria. Bacteria were also
detected in the lungs of two other rats, and a
clump of foreign material (presumably of vegeta-
ble origin) was found in the bronchus of another
animal. Mucocellular exudate was observed in
bronchiolar lumens in a moderate number of
rats. The presence of trace to very small quanti-
ties of pale yellow, slightly refractile material was
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detected in terminal portions of the respiratory
tree (alveoli and terminal bronchioles) in 13/21
lungs examined. In the bronchioles, the material
was associated with a stringy pink substance that
was suggestive of fibrin and that appeared as an
aggregate of vacuoles and strands. Very pale,
refractive material was sometimes observed in
the vacuoles. Larger, pale yellow, globular
bodies were found in respiratory bronchioles and
alveoli. The bodies occasionally appeared “frac-
tured” and were sometimes associated with an
inflammatory reaction.
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III. RESULTS: MICE=SINGLE-DOSE STUDIES

SINGLE-DOSE STUDIES

Mortality was proportional to the dose of TDI crystalline material was found in the stomach at
administered, but the death rate for males was necronsy; this finding was dose related.
higher than that for females (Table 11). White,

TABLE 11. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED A SINGLE DOSE
OF TOLUENE DIISOCYANATE BY GAVAGE

Mean Body W eights (grams)

Dase Survival (a)
(mg/kg) (Day of Death) Initial Final Change

MALES

2,150 5/5 28 30 +2

3.160 5/5 26 25 -1

4,640 1/5(2,7,2,8) 21 22 +]

6.810 0/5222449 24 — e

10,000 0/5(1,1,1,2,2) 26 — —
FEMALES

3.160 5/8 20 20 0

4,640 4/5 (5) 19 18 -1

6,810 1/5(1,2,2,2) 17 23 +6

10,000 0/5(1.2.2.2,2) 19 — —

(a) Number surviving/ number per group

FOURTEEN-DAY STUDIES

Two 14-day studies were conducted because Doses of 30 to 500 mg/ kg were administered
all animals in the first study (administered 500 to to animals in the second study. Deaths and
4,000 mg/ kg) died by day 2. changes in mean body weight gains were not dose

related (Table 12).
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TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED TOLUENE

DIISOCYANATE FOR 14 DAYS

Final Body Weights

Mean Body Weights (grams) Relative to
Dose Survival (a) Controls (b)
(mg/kg) (Day of Death) Initial Final Change (Percent)
MALES
0 5/5 22 23 +] —
30 35189 22 23 +] 0
60 4'5(8) 22 23 +1 0
120 4,5 (14) 22 24 +2 +4
240 4,5(8) 23 23 0 0
500 35(6.10) 23 24 +1 +4
FEMALES
0 5/5 19 20 +1 —
30 55 19 19 0 -5
60 5:5 19 19 0 -5
120 5.5 19 20 +] 0
240 3.5(7.10) 19 22 +3 +10
500 5/5 19 19 0 -5
(a) Number surviving’ number per group
(h) Weight of the dosed group relative to that of the controls =
Weight (Dosed Group) - Weight (Control Group) 100

Weight (Control Group)

THIRTEEN-WEEK STUDIES

Two 13-week studies were conducted, the first
using doses of 6 to 100 mg/kg and the second
employing doses of 15 to 240 mg/ kg. In the first
study, decrements in mean body weight gain and
food consumption and respiratory noises were
interpreted as being related to administration of
TDI (Table 13). The second study failed to con-
firm any of the previous data; only two females
administered 240 mg/ kg and one female receiv-
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ing 120 mg/kg died as a result of chemical
administration. Livers from two of these animals
had necrosis or inflammation, but no compound-
related lesions were observed in other mice. The
doses for females in the 2-year study (60 and 120
mg/kg) were selected because of the deaths
observed in the 13-week studies. Doses of 120
and 240 mg/ kg were selected for male mice.
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TABLE 13. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED TOLUENE
DIISOCYANATE FOR 13 WEEKS

Final Body Weights

Mean Body Weights (grams) Relative to
Dose Survival (a) Controls (b)
(mg/kg) (Day of Death) Initial Final' Change (Percent)

FIRST STUDY

MALES
0 6.10 (1.1,1.1) 18 31 +13 —
6 910 (1) 17 30 +13 -3
12 8,10 (1.4) 16 27 +11 -13
25 9:10 (3) 17 25 + 8 -19
50 910 (6) 17 25 + 8 -19
100 710 (1.3,5) 17 23 + 6 -26
FEMALES
0 10/10 14 22 + 8 —
6 9/10 (1) i3 21 + 8 -5
12 9/10 (5) 13 20 +7 -9
25 8/10 (1,2) 14 20 + 6 -9
50 7/10 (3.4.5) 14 18 + 4 -18
100 5/10 (12,2.22) 14 19 +5 -14
SECOND STUDY
MALES
0 5/10 (¢) 18.9 23.6 + 4.7 —
15 5/10 (¢) 18.9 270 + 8.1 +14
30 10/10 17.6 26.3 + 8.7 +11
60 10/10 18.8 26.0 + 7.2 +10
120 10/10 18.3 26.5 + 8.2 +12
240 5/10 (c) 179 252 + 173 + 7
FEMALES
0 10/10 15.8 21.0 + 52 —
15 10/10 17.1 20.8 + 37 -1
30 5/10 (¢) 17.0 20.0 + 3.0 -5
60 5/10 (c) 16.4 22.2 + 58 + 6
120 9/10 (d) 16.4 21.6 +52 +3
240 8/10 (e) 16.0 211 + 5.1 0

(a) Number surviving/ number per group
(b) Weight of the dosed group relative to that of the controls =
Weight (Dosed Group) - Weight (Control Group)
Weight (Control Group)
(c) Deaths were due to drowning during week 13
(d) Death was during week 10
(e) Deaths were during weeks 6 and 9
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III. RESULTS: MICE—=TWO-YEAR STUDIES

TWO-YEAR STUDIES

Body Weights and Clinical Signs

Mean body weights of dosed male mice
(throughout the study) and of high dose female
mice (after week 56) were lower than those of the
controls. The depressions in mean body weight
were dose related (Table 14 and Figure 5). No
other compound-related clinical signs were
observed.

Survival

Estimates of the probabilities of survival of
male and female mice administered TDI in corn
oil at the doses used in these studies, and those of
the controls, are shown by the Kaplan and Meier
curves in Figure 6. In male mice, the survival of
the high dose group was significantly shorter
than that of the controls (P<<0.001) and of the
low dose group (P=0.003). In female mice, the
survival of the high dose group was significantly
shorter than that of the low dose group
(P=0.028). One female control mouse was
accidentally killed.

In male mice, 46/50 (92%) of the controls,
40/50 (80%) of the low dose, and 26/50 (52%) of
the high dose group lived to the termination
period of the study at 107 weeks. In female mice,
34/50 (68%) of the controls, 43/50 (86%) of the
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low dose, and 33/ 50 (66%) of the high dose group
lived to the termination period of the study at 107
weeks.

Pathology and Statistical Analyses
of Results

Histopathologic findings on neoplasms in
mice are summarized in Appendix B, Tables Bl
and B2; Appendix Tables B3 and B4 give the
survival and tumor status for individual male
and female mice. Findings on nonneoplastic
lesions are summarized in Appendix D, Tables
DIl and D2. Historical incidences of tumors in
control animals are listed in Appendix E.
Because of the reduced survival observed in
dosed groups relative to controls, a direct com-
parison of overall tumor incidences in dosed
groups and historical controls may be mislead-
ing. The historical control data are included
primarily to determine how representative the
tumor incidences observed in concurrent vehicle
controls are with respect to other studies in the
bioassay program. Appendix F, Tables F3 and
F4, contain the statistical analyses of those prim-
ary tumors that occurred with an incidence of at
least 59, in one of the three groups. The statistical
analyses used are discussed in chapter Il (Data
Recording and Statistical Methods) and Appen-
dix F (footnotes).
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TABLE 14, MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES
OF TOLUENE DIISOCYANATE

Weeks __Vehicle Control Low Dose ____ HighDose
on Av.Wt. No.of Av.Wt. Wt (percent No.of Av.Wt. Wt (percent No.of
Study (grams) Survivors (grams) ofveh controls) Survivors (grams) of veh controls) Survivors
MALE
0 US 50 24.9 102 50 25.1 102 50
1 26.3 50 25.6 07 50 4.7 94 4
2 7.0 50 27.1 100 50 25.4 94 49
3 269 50 26.6 9 50 26.2 97 I
4 29.0 50 - - - 25.3 87 48
5 29.4 50 27.1 92 50 26.4 90 4“
] 298 50 28.6 96 a7 2¢.4 89 “
7 300 50 29,0 7 47 273 91 “
8 311 50 $0.1 97 47 283 91 “
? 3.7 50 30.8 7 a7 293 92 “
10 2.9 50 303 ) a7 29.0 94 “
11 220 50 L1 97 a7 29.4 9 “
12 23 50 31.0 9 a7 28.8 89 “
18 319 50 0.1 ™" a7 28.9 91 “
18 128 50 31.0 28 a7 2068 90 43
20 336 50 328 28 I 30.0 89 43
AU us 50 38,0 96 ] 0.0 87 43
28 38.0 50 38.7 ™ ] 314 87 a
32 us 50 336 7 . 326 % a
38 388 50 35.9 ) 4 ue 90 a1
40 $8.0 50 36,0 28 4 U1 ) a
“ 8.9 50 387 ™% 4 E7% 8 a
4 .7 50 35.8 26 4 338 90 a
52 378 50 5.7 ] I 333 89 40
58 S74 50 35.9 96 T 334 89 40
60 38.0 50 383 96 T 33.6 88 40
o 378 50 381 96 4 3.9 88 40
68 38.0 50 363 9 T 38.4 88 40
7 383 50 373 9 T U8 90 40
76 878 50 370 28 4 M4 9 39
80 9.7 50 $7.0 93 4 883 8 38
8 9.8 50 378 % I u4 86 %
88 389 4 36.7 ™" s 889 87 3
2 383 9 363 88 4 838 87 33
96 84 47 36.3 94 4 33.9 88 31
100 3.9 47 $5.4 96 40 33.0 89 30
104 3.1 4 5.1 97 40 328 91 29
FEMALE
0 193 50 193 9 50 19.5 101 50
1 2.5 50 18.3 8 50 18.1 88 res
2 2.0 50 20.0 95 4 19.8 ™" 4
3 LS 50 21.0 28 4 20.3 ™" “
4 3.3 50 2.7 98 4 20.3 9 4
5 230 50 .7 9 4 2.7 9 4
e 13 0 3.8 e 4@ e o7 a
7 2.1 50 22.8 102 4 22.3 101 4
8 11 50 23.1 100 4 235 102 40
9 U4 50 236 7 4 239 98 40
10 288 50 23.5 9 4 24.3 102 40
11 2.8 50 23.9 100 4 24.2 103 40
13 288 50 235 9 4 23.8 100 40
13 84 50 283 100 . .1 108 40
16 236 50 239 101 4« nS 104 40
20 .7 50 U7 100 a7 .6 100 40
u 5.0 50 5.0 100 4 25.0 100 40
28 6.0 50 2.5 108 47 26.7 108 40
32 7.8 50 7.7 101 Y 274 100 40
38 29.0 50 0.1 100 47 8¢ 9 40
40 9.4 50 0.1 102 47 298 100 40
“48 0.0 50 303 101 47 289 96 40
“ 203 50 297 101 47 2.8 7 40
52 204 50 9.8 101 47 8.7 98 40
58 2.8 50 30.4 108 47 9.1 9 40
60 0.7 50 30.8 100 47 290 ™" 40
o 314 50 314 100 47 30.0 96 40
s 3.7 50 318 100 47 30.2 ] 89
T3 28 4 338 108 ] 316 96 39
7 5.0 47 335 108 4 L7 96 89
60 9 4 ¢S % 4 318 91 39
n M4 It 353 108 4 319 93 8
88 us “ s¢.s % 't 314 9 a8
L us 4 UL 100 4 s11 89 87
2 U9 40 S4.4 9 4 316 9 87
100 ug 39 334 98 4 312 91 u
104 539 u 327 % “ 31.0 91 38
44
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MEAN BODY WEIGHT IN GRAMS

MEAN BODY WEIGHT IN GRAMS
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Figure 5. Growth Curves for Mice Administered Toluene Diisocyanate in Corn 0il by Gavage
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III. RESULTS: MICE—=TWO-YEAR STUDIES

Untreated Controls: At week 87 untreated
controls were sacrificed and examined. The inci-
dence and type of tumors in individual mice did
not appear different from the normal back-
ground of tumors in the B6C3F; mouse. Thus
these data are not given in this report.

In male mice, no tumors occurred at statisti-
cally significant incidences.

Circulatory System: Hemangiosarcomas (of
the liver, ovaries, or peritoneum) were observed

with a statistically significant positive trend in
female mice (Table 15). The combined incidences
of hemangiomas (of the spleen, or subcutaneous
tissue) or hemangiosarcomas occurred with a
statistically significant positive trend, and the
results of pairwise comparisons between the con-
trol and high dose groups were significant. (See
Appendix E, Table EI0 for a comparison of
these test incidences with a combined historical
control rate of 2.9%.)

TABLE 15. INCIDENCES OF FEMALE MICE WITH TUMORS OF THE CIRCULATORY SYSTEM

Vehicle 69 120
Control mg/kg mg/kg
Hemangiosarcoma
Overall Incidence 0/50 (0%) 0/50 (0%) 3/50 (6%)
Adjusted Incidence 0.0% 0.09% 8.0%
Terminal Incidence 0/34 (0%) 0/43 (0%) 0/33 (0%)
Life Table Test P=0.029 —_ P=0.105
Incidental Tumor Test P=0.015 — P=0.037

Hemangioma or Hemangiosarcoma

Overall Incidence 0/50 (0%) 1/50 (2%) 5/50 (10%)
Adjusted Incidence 0.09;, 2.3% 13.39%
Terminal Incidence 0/34 (0%) 1/43 (2%) 1/33 (3%)
Life Table Test P=0.008 P=0.547 P=0.029
Incidental Tumor Test P=0.003 P=0.547 P=0.005

Liver: Hepatocellular adenomas occurred in
female mice with a statistically significant posi-
tive trend, and the pairwise comparisons
between the control and high dose groups were
significant (Table 16). Adenomas or carcinomas
(combined) occurred with a significant positive
trend, and the results of pairwise comparisons
between the control and high dose groups were
significant. See Appendix E, Table Ell for a
comparison of these test incidences with a com-
bined historical control rate of 6.7¢;.

Hematopoietic System: Leukemia was ob-
served in female mice with a statistically signifi-
cant, decreasing trend (Table 17). The results of
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pairwise comparisons were not significant.
Malignant lymphoma in female mice was
observed with a statistically significant, increas-
ing trend, and the results of pairwise compari-
sons between the control and high dose group
were significant. The incidence of leukemia or
lymphoma (combined) was not significantly dif-
ferent for dosed or control male or female mice.

Kidney: Cytomegaly, mainly in tubules near
the corticomedullary junction, was observed in
45/48 (949%) low dose male mice and 41/50 (829%)
high dose male mice compared with 0/50 in the
controls.

Toluene Diisocyanate



TABLE 16. INCIDENCES OF FEMALE MICE WITH LIVER TUMORS

Vehicle 60 120
Control mg/kg mg/kg
Hepatocellular Adenoma
Overall Incidence 2/50 (4%) 3/50 (6%) 12/50 (24%)
Adjusted Incidence 5.3% 6.7% 36.4%
Terminal Incidence 1/34 3%) 2/43 (5%) 12/33 (36%)
Life Table Test P<0.001 P=0.571 P=0.003
Incidental Tumor Test P<0.001 P=0.325 P=0.003
Hepatocellular Carcinoma
Overall Incidence 2/50 (4%) 2/50 (4%) 3/50 (6%)
Adjusted Incidence 5.0% 4.7% 8.8%
Terminal Incidence 1/34 (3%) 2/43 (5%) 2/33 (6%)
Life Table Test P=0.376 P=0.629N P=0.463
Incidental Tumor Test P=0.248 P=0.644 P=0.308
Hepatocellular Adenoma or Carcinoma
Overall Incidence 4/50 (8%) 5/50 (10%) 15/50 (30%)
Adjusted Incidence 10.1% 11.2% 44,1%
Terminal Incidence 2/34 (6%) 4/43 (9%) 14/33 (42%)
Life Table Test P=0.001 P=0.601 P=0.004
Incidental Tumor Test P<0.001 P=0.321 P=0.001

TABLE 17. INCIDENCES OF FEMALE MICE WITH TUMORS OF THE HEMATOPOIETIC SYSTEM

Vehicle 60 120
Control mg/kg mg/kg
Leukemia
Overall Incidence 3/50 (6%) 0/50 (0%) 0/50 (0%)
Adjusted Incidence 7.49% 0.0% 0.09%
Terminal Incidence 0/34 (0%) 0/43 (0%) 0/33 (0%)
Life Table Test P=0.040N P=0.102N P=0.147N
Incidental Tumor Test P=0.119N P=0.414N P=0.240N
Malignant Lymphoma
Overall Incidence 10/50 (20%) 17/50 (34%) 16/ 50 (329%)
Adjusted Incidence 25.8% 38.6% 44.2¢;
Terminal Incidence 7/34 (219%) 16/43 (37%) 13/33 (39%)
Life Table Test P=0.082 P=0.241 P=0.101
Incidental Tumor Test P=0.029 P=0.085 P=0.033
Lymphoma or Leukemia
Overall Incidence 13/50 (26%) 17/ 50 (34%¢) 16,50 (32%)
Adjusted Incidence 3139 38.6% 44,26
Terminal Incidence 7/34 (21%) 16/43 (37%) 13, 33 (39%)
Life Table Test P=0.241 P=0.503 P=0.273
Incidental Tumor Test P=0.089 P=0.151 P=0.098
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IV. DISCUSSION AND CONCLUSIONS

Because the 2,4 (80%)/2,6 (20%)-toluene di-
isocyanate (TDI) reacted with the moisture in the
corn oil vehicle, the doses received by rats and
mice in the 2-year studies were reduced to 779 to
907, of the target doses (female rats and mice: 60
or 120 mg/ kg; male rats: 30 or 60 mg/ kg; male
mice: 120 or 240 mg/ kg). Despite the reduced
doses, mean body weight gains of male and
female rats were less than those of the controls
after week 20. Early deaths occurred in groups of
dosed male and female rats, but by week 60 only
the high dose male rats were dying as a result of
TDI administration. At this time, a decision was
made to continue the studies of rats; however, an
apparent dose-related pattern of mortality began
to emerge at week 70, and persisted untii the end
of the study. The delayed cumulative toxicity
caused by TDI administration indicated that the
estimated maximum tolerated doses had been
exceeded in rats. Mortality in male mice was also
dose related and significantly higher thanin con-
trols, but it was not as excessive as that in rats.

Bronchopneumonia was the most prominent
nonneoplastic effect seen in the short-term and
2-year phases of these gavage studies. The respi-
ratory effects observed were similar to those seen
in rats exposed by inhalation to TDI at a concen-
tration of 0.1 ppm for 6 hours per day, once per
week, for 38 weeks: tracheitis, bronchitis, pneu-
monia, and purulent bronchiectasis (Niewenhuis
et al., 1965). The major lesion was described as a
fibrous tissue proliferation, often blocking the
bronchioles, and was similar to what has been
described in animals exposed to higher concen-
trations of inhaled TDI (Duncan et al., 1962),
The control rats in the Niewenhuis study also
had mild to marked pneumonitis. Loeser (1983)
observed dose-related respiratory tract irritation
in mice exposed by vapor inhalation to 2,4-/2,6-
TDI (80/20) at 0.05 or 0.15 ppmfor 2 years; none
was apparently found in rats,

TDI stimulates the trigeminal nerve and is one
of the more potent sensory irritants (Sangha and
Alarie, 1979). Occupational asthma, or reversi-
ble obstruction of the airways in response to
TDI, has been seen in workers exposed to the
chemical (Weil et al., 1981). Workers exposed to
TDI at concentrations of less than 0.1 ppm had
marked declines in forced respiratory volume,
with reductions in the ratio of forced expiratory
volume to forced vital capacity; forced expira-
tory flow was 25%-50% of the forced vital capac-
ity. Bronchial hypersensitivity to TDI developed
in 4.39% of these workers, but there were no pre-
dictive indices for this response. Respiratory
hypersensitivity has been shown to develop in
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guinea pigs exposed to 0.005 ppm TDI after
dermal contact with the chemical (Karol et al.,
1981).

In the present study, the late-appearing pat-
tern of mortality in rats could be a reflection of
delayed hypersensitivity, as well as direct respira-
tory irritation. The incidences of broncho-
pneumonia were dose related in male and female
rats, and this effect may have weakened the
animals’ resistance to further chemical challenge,
The increased rate of mortality may also be due,
in part, to TDI’ inhibition of acetylcholinester-
ase, which could have compounded the animals’
respiratory difficulty (Brown et al., 1982). The
study by Brown and co-workers showed that
2,6-toluene diisocyanate was 60 times more
effective than the 2,4-isomer in inhibiting human
serum cholinesterase. The commercial mixture
of TDI used in the present studies consisted of
80% 2,4-isomer and 20% 2,6-isomer, the latter
being the active enzyme inhibitor.

Despite the reduced survival, there was
unequivocal evidence of dose-related increases in
tumors in rats and mice in the 2-year studies.
About 50% of the tumors detected were observed
in animals killed at the end of these studies; the
rest were found in animals dying between weeks
77 and 108.

Tissues associated with the digestive system
were primary sites of tumor induction and-
included acinar cell adenomas of the pancreas in
male rats, and liver tumors in female rats and
mice. There were also increased incidences of
islet cell adenomas in Jlow dose female rats.
Dose-related increases were observed in the
number of male rats with nodular hyperplasia of
the pancreatic acinus (control, 09%; low dose, 4%;
high dose, 8%) and in the incidence of acinar cell
adenomas (control, 2%; low dose, 6%; high dose,
149%). The corn oil vehicle used in these gavage
studies may have contributed to the incidences
of acinar cell tumors in male and female rats.
High dietary fat levels were shown to enhance
the carcinogenic effect of azaserine in rat pan-
creas (Longnecker et al., 1981; Roebuck et al.
1981), and enhanced pancreatic tumorigenesis
occurred in rats pretreated with azaserine whose
diets were supplemented with 20% corn oil
(Longnecker et al., 1979). The National Toxicol-
ogy Program reexamined pancreata of un-
treated and corn oil gavage control male rats
from 37 chronic studies and found a positive
association between corn oil administration and
the increased incidence of acinar cell hyperpla-
sia, adenoma, and carcinoma of the pancreas
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(Boorman and Eustis, 1984). However, further
evaluation of the data revealed the increased
incidences of pancreatic cell adenoma in the corn
oil gavage control male rats were also associated
with elevated body weights relative to untreated
controls (Haseman et al., 1985). There was no
such relationship here since depression of body
weight gain commenced at 10-20 weeks TDI
treatment, and was dose-related throughout the
remainder of the study.

The systemic nature of the carcinogenicity of
TDI was demonstrated by the appearance of
tumors at multiple sites in male rats (fibromas
and fibrosarcomas of the skin), in female rats
(mammary gland fibroadenomas, adenomas,
papillary adenomas, cystadenomas and subcu-
taneous fibroadenomas and fibromas), and in
female mice (hemangiomas and hemangiosar-
comas).

The tumors observed in the liver, pancreas,
mammary gland, and subcutaneous tissues of
F344/N rats in these studies are the same type as
those seen when 2,4-diaminotoluene—a possible
hydrolysis product of 2,4-toluene diisocyanate—
was administered to the same strain (NCI, 1979).
In the 2,4-diaminotoluene study, increased inci-
dences of neoplastic nodules and hepatocellular
carcinomas were found in males fed diets con-
taining 79 or 176 ppm and in females fed 171
ppm. Increased incidences of pancreatic acinar
cell adenomas were observed in dosed males and
in females that received 171 ppm. The incidences
of mammary gland fibroadenomas in females
were 10-fold greater in the low and high dose
groups compared with controls. Furthermore,
subcutaneous fibromas were found at signifi-
cantly increased incidences relative to controlsin
dosed male rats.

In addition, 2,4-diaminotoluene causes in-
creases in hemangiomas and hemangiosarcomas
in male mice and significant increases in hepato-
cellular neoplasms in both sexes of mice.
Although TDI caused the same type of neo-
plasms in the present study, they were seen in
female mice but not in males. There are no avail-
able metabolic data that might account for this
difference in response. A probable hydrolysis
product of 2,6-toluene diisocyanate (2,6-
diaminotoluene) was not considered to be carci-
nogenic for F344/N rats or B6C3F mice (NTP,
1980).

Disposition studies of 2,6-TDI in F344 rats
showed that the majority of a “C labelled 60
mg, kg dose administered by gavage was
excreted in urine and feces, accounting for 67¢;-

5l

78% of the dosage in 72 hours (RTI, 1985). Very
low amounts of “C were recovered in tissues,
ranging from 0.012% to 0.16% of the dose recov-
ered in blood, muscle, skin, adipose tissue, liver,
and kidney. At 24 hours after treatment, about
10% of the administered dosage was recovered in
urine. The major urinary metabolite was identi-
fied by HPLC and confirmed by mass spec-
trometry and reverse isotopic dilution tech-
niques. More than half (54%) of the 2,6-TDI-
derived material in urinary "“C was 2,6-bis
(acetylamino)toluene, suggesting the parent 2,6~
TD1 was hydrolyzed to 2,6-diaminotoluene
which was subsequently acetylated and excreted.

Other noteworthy effects observed in rats in
the current studies included the brain tumors
found in high dose males (two had gliomas and
one had a pinealoma). Gliomas have been found
in 3/995 controls in the bioassay program and
pinealomas have not been previously diagnosed
(Appendix E, Table E9). The evidence suggestsa
possible association between these tumors and
administration of TDI.

Differences in mean body weight gains, hyper-
sensitivity, and the incidences of neoplastic and
nonneoplastic lesions in animals in the present
studies emphasize differences in the degree to
which TDI is toxic in different species and sexes.
Both female rats and female mice received doses
of 60 or 120 mg/ kg, and most of the rats died
during the study. Male mice received higher
doses (120 and 240 mg/kg) than male rats (30
and 60 mg/kg), yet mortality and decreases in
mean body weights were less severe in the former
group, and no tumors were detected at statisti-
cally significant incidences in male mice. Male
and female rats and female mice showed positive
evidence of carcinogenicity associated with TD]
administration. The species and sex differences
in sensitivity to TDI may be metabolic, but no
experimental data are available.

Loeser (1983) exposed groups of 126 male and
female Sprague-Dawley CD rats and 120 CD-1
mice of each sex to 0, 0.05, or 0.15 ppm 2,4-/2,6-
toluene diisocyanate (80/20) for 6 hr/day, 5
days/wk by whole-body vapor inhalation for
108-110 weeks (rats) or 104 weeks (mice). Survi-
val for rats was similar among groups at the end
of the study (males: controls, 35%; low-dose,
33%; high dose, 29%; females: 329, 25%, 36%).
Survival for mice at study termination was: male
mice—controls, 22%; low dose, 309; high dose,
30%; female mice—40%, 23%, 26%. In both
sexes of rats there was a dose-related increase in
the incidence of rhinitis in the anterior portion of
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1V. DISCUSSION AND CONCLUSIONS

the nasal cavity. The lesions were characterized
by squamous metaplasia and hyperplasia of the
epithelium, variably accompanied by leukocytic
infiltration in the lamina propria and exudate in
the lumen. For mice, chronic or necrotic rhinitis
was common in exposed groups, with lesser
lesions of the lower respiratory tract (bronchitis)
and eyes, particularly in the 0.15 ppm group. No
evidence of TDIl-associated benign or malignant
tumor induction was reported. The exposure lev-
els used by Loeser correspond to daily gavage
doses of less than 1 mg/ kg, even assuming 1009
retention of inhaled TDI, and may not have been
optimal doses to adequately detect a potential
carcinogenic response.

There are also conflicting reports about the
mutagenicity of TDIl. Anderson and Styles
(1978) originally reported that 2,4-toluene diiso-
cyanate of unknown purity was non-mutagenic
in a study of 120 chemicals performed by Pur-
chase et al. (1978), but several known mutagens
were also reported as negative, suggesting a lack
of definition in these studies. Andersen et al.
(1980) later optimized the procedure for testing
volatile isocyanates, and in a study with ade-
quate positive and negative controls showed that
a mixture of 2,4- and 2,6-toluene diisocyanate
(Desmodur T80) caused a dose-dependent muta-
genic response utilizing S-9 activation in Sa/mo-
nella ryphimurium strains TA98, TA100, and
TA1538. The positive control was 2,4-diamino-
toluene, a probable hydrolysis product of 2.4-
toluene diisocyanate, which Ames et al. (1975)
reported to be mutagenic. In the NTP tests, both
2,6-TDI and a mixture of 2,4- and 2,6-TD] were
mutagenic in Salmonella typhiniurium strains
TA98 and TA100 in the presence (but not the
absence) of Aroclor 1254-induced male Sprague-
Dawley rat or Syrian hamster liver §9. Neither
sample was mutagenic in S. ryphimurium strains
TA 1535 or TA1537 with or without metabolic
activation (Appendix L). Loeser (1983) reported
the results of a micronucleus test as showing no
dose- or treatment-related percentage increase of
micronucleated erythrocytes from rats and mice
exposed to 0.05 or 0.15 ppm (v/v) TDl vapor for
four weeks (6 hr/day, 5 days;/wk).

Toxicology studies with4,4'-diphenylmethane
diisocyanate (MDI) were recently deferred by
NTP because of problems similar to those
encountered with TDIl-difficulties with dose
preparation and unexplained toxicity in the
short-term studies. For an adequate examina-
tion of the toxic reponses to this class of chemi-
cals, particularly to define the metabolism and to
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evaluate the biochemical and immunological
toxicity, it would be necessary to conduct further
tests at lower dose levels. Such a comparison of
the toxicological properties of TDI, MDI, and
other commercially important isocyanates in
polyurethane production would be useful, since
annual production of these exceeds | million
tons (Sangha and Alarie, 1979) and only limited
toxicological information is available (Wool-
rich, 1982). It would be preferable to test these
chemicals by the inhalation route, since potential
human exposure occurs primarily during their
production (Weil et al., 1981) or during fires,
when the pyrolysis products of polyurethanes are
released. Woolley and Raftery (1976) stated that
the yellow smoke released during decomposition
of flexible polyurethane foam at 200°-300°C
appeared to be a polymerized form of TDI. In
another study, results of gas chromatographic
analysis and mass spectrometry indicated that
toluene monoisocyanate was the major decom-
position product from combustion of flexible
polyurethane foams (Alarie et al.,, 1975). A
report on the occupational hazards of firefight-
ing specifically cites the dangers of exposure to
isocyanates produced from the combustion of
polyurethane or encountered as neat chemical
(Axford et al., 1976).

In summary, the commercial mixture of 2,4-
and 2,6-toluene diisocyanate has been shown to
produce a variety of toxic effects in humans and
animals, including asthma, decreased respira-
tory function, delayed pulmonary hypersensitiv-
ity, bronchopneumonia, and inhibition of
acetylcholinesterase. A possible hydrolysis pro-
duct (2,4-diaminotoluene) of the 2, 4-isomer and
the mixture of the 2,4- and the 2,6-isomers of
TDI have been shown to be mutagenic. In the
present studies, the pattern of multifocal tumors
was similar to the carcinogenic responses pro-
duced by the hydrolysis product of the 24-
isomer.

Conclusions: Under the conditions of these
gavage studies, commercial grade roluene diiso-
cyanate in corn oil was carcinagenic for F344) N
rats, causing subcutaneous fibromas and fibro-
sarcomas (combined) in males and females, pan-
creatic acinar cell adenomas in males, and
pancreatic islet cell adenomas, neoplastic
nodules of the liver, and mammary gland
Sibroadenomas in females. Toluene diisocyanate
was not carcinogenic for male mice. TDI was
carcinogenic for female B6C3F; mice, causing
hemangiomas or hemangiosarcomas (combined)
as well as hepatocellular adenomas.
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SUMMARY OF THE INCIDENCE OF NEOPLASMS IN
RATS ADMINISTERED TOLUENE DIISOCYANATE
IN CORN OIL BY GAVAGE
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TABLE A1,

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS ADMINISTERED
TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE

VEHICLE

__________ CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
¥SKIN (50) (50) (50)
PAPILLOMA, NOS 1 (2%)
SQUAMOUS CELL PAPILLOMA 1 (2%
SQUAMDUS CELL CARCINOMA 1 (2%)
TRICHOEPITHELIDI1A 1 (2%
KERATOACANTHOMA 1 (2% 1 (2%)
¥SUBCUT TISSUE (50) 50) (50)
BASAL~CELL TUMOR 1 (2%)
ADENOCARCINGMA, NOS 1 (2%
SARCOMA, NOS 1 (2%)
FIBROMA 3 (6%) 3 (6%) 9 (18%)
FIBROSARCOMA 3 (6%) 3 (6%
FIBROSARCOMA, INVASIVE 1 (2%)
FIBROADENOMA 1 (2%
MESOTHELIOMA, INVASIVE 1 (2%)
ODSTEOSARCOMA 1 ¢(2%)
NEURILEMOMA, MALIGNANT 1 (2%
RESPIRATORY SYSTEM
#LUNG (50) (50) (50)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2%
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2%)
OSTEOSARCOMA, METASTATIC 1 (2%
HEMATOPOIETIC SYSTEM
#*MULTIPLE ORGANS 50 (50) (50)
MOHOCYTIC LEUKEMIA 11 (22%) 4 (8%) 4 (8%)
¥MEDIASTINUM (50) (50) (50)
THYIMOMA 1_02%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
% NUMBER OF ANIMALS NECROPSIED
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)
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VEHICLE
CONTROL LOW DOSE HIGH DOSE
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#THYMUS 27)
ALVEOLAR/BRONCHIOLAR €A, INVASIV 1 (4%)

" —— - - - " " - -] " - - - - " —————— - o " " oy - " - ot "L - " T - - - T - ¢

CIRCULATORY SYSTEM

XMULTIPLE ORGANS (50) (50) (50)
HEMANGIOSARCOMA, INVASIVE 1 2%)

HHEART (50) (50) (50)
NEUROFIBROMA 1 .(2%)

#LIVER (50) (50) (50)
HEMANGIOSARCOMA 1 (@23

DIGESTIVE SYSTEM

#SUBMAXILLARY GLAND (50) (50) (48)
SARCOMA, NOS 1 (2%)

#LIVER (50) (50) (50)
NEOPLASTIC NODULE 7 (14%) 2 (4%) 2 (&%)
HEPATOCELLULAR CARCINOMA 1 (2%) 2 (4%

#PANCREAS 47) 47) (49)
ACINAR-CELL ADENOMA 1 (2%) 3 (6% 7 (14%)

#STOMACH (4%) (49) 47)
MESOTHELIOMA, METASTATIC 1 (2%)

] - - - " " " " - - " - - - - " - - - - - - " P - - " -

URINARY SYSTEM

#KIDNEY (507 (48) (49)
ADENOCARCINOMA, HOS 1 (2%)
PHEQCHROMOCYTOMA, METASTATIC 1 (2%)
FIBROSARCOMA, METASTATIC 1 (2%)
NEPHROBLASTOMA 1 (2%)
$PERIRENAL TISSUE (50) (48) (49)
LIPOMA 1 2%)

- (- " -~ 21k ] > - " - o B e S . T S s S Y W s - - 75 - - oo M "

ENDOCRINE SYSTEM

#PITUITARY (50) (44) (49)
ADENOMA, WNOS 2. C4x3

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER QOF ANIMALS NECROPSIED
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

W i o - - - > " - W " T g ¢ W - - S - - - . A 0 - "o S T - S - - S -

VEHICLE
_________________________________ CONTROL LOW OOSE HIGH DOSE
CHROMOPHOBE ADENOMA 3 (6%) & (9%) 7 C14%)
CHROMOPHOBE CARCINOMA 1.(2%) 1 (2%)
SADRENAL (50) (49) (50)
CORTICAL CARCINOMA 1 (2%)
PHEOCHROMOCYTOMA 12 (24%) 7 (14%) 6 (12%)
PHEOCHROMOCYTOMA, MALIGNANT 1.(2%)
GANGLIONEUROMA 1 (2%)
#THYROID (46) (49} (47)
C-CELL ADENOMA 2 (4%) 2 (42)
C=-CELL CARCINOMA 1 (2%) 2 (4%) 2 (&%)
#PARATHYROID (34) (36) (332
ADENOMA, NOS 1 03%)
#PANCREATIC ISLETS (47) (47) (49)
ISLET-CELL ADENOMA 1 (2%) 2 (4%)
ISLET-CELL CARCINOMA 2 (4%)
REPRODUCTIVE SYSTEM
KMAMMARY GLAND (50) (50) (50)
FIBROADENOMA 7 C16%) 1 .(2%) 3 (62%)
XPREPUTIAL GLAND (50) (502 (50)
ADENOMA, NOS 7 (14%) 1 (2%)
BTESTIS (50) (50) (50)
INTERSTITIAL~CELL TUMDR 48 (96%) 35 (70%) 29 (58%)
INTERSTITIAL~CELL TUMOR, MALIGNA 1 .(2%)
MESOTHELIOMA, NOS 2 (4%)
MESOTHELIOMA, MALIGHANT 2 (4%) 1 (2%)
NERVOUS SYSTEM
#BRAIN (50) (493) (50)
CHROMOPHOBE CARCINOMA, INVASIVE 1 (2%)
PINEALOMA 1 (2%)
GLIOMA, NOS 2 (&%)
SPECIAL SENSE ORGANS
*EAR (50) (50) (50
SQUAMOUS CELL CARCINOMA 1. (2%)

& NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

» NUMBER OF ANIMALS NECROPSIED
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)
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VEHICLE
CONTROL LOW DOSE HIGH DOSE
MUSCULOSKELETAL SYSTEM
¥ABDOMINAL MUSCLE (50) (50) (50)
FIBROSARCOMA 1.(2%)
¥CARTILAGE,NOS (50) (50) (502
LIPOMA 1 (2%)
BODY CAVITIES
¥MEDIASTINUM (50) (50) (59)
ALVEOLAR/BRONCHIOLAR CA, INVASIV 1 2x%)
KABDOMINAL CAVITY (50) (50)
INTERSTITIAL-CELL TUMOR, METASTA 1 (2%2
¥PERITONEAL CAVITY (50) (50) (502
MYX0SARCOMA 1 (2%)
LIPOMA 2 (4%)
¥MESENTERY (50) (50) (50)
MYX0SARCOMA 1 (2%)
LIPOMA 1 (2%) 1 (2%)
HTUNICA VAGINALIS (50) (50) (50)
MESCTHELIOMA, NOS t2%)
ALL OTHER SYSTEMS
¥MULTIPLE ORGANS (50) (50) (50)
ADENOCARCINOMA, NOS, METASTATIC v (2%)
MYXOSARCOMA, METASTATIC 1 .(2%)
MESOTHELIOMA, NOS 1 (2%) 1 (2%)
MESOTHELIOMA, INVASIVE 1 (2%)
MESOTHELIOMA, METASTATIC 1 (2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

o - " " T - - - - - - - - e - - -

VEHICLE
CONTROL LOwW DOSE HIGH DOSE
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 50 50

NATURAL DEATHa 6 26 27
MORIBUND SACRIFICE 8 4 12
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 35 14 8

DOSING ACCIDENT

ACCIDENTALLY KILLED, NDA

ACCIDENTALLY KILLED, NOS 1 ) 3
ANIMAL MISSING

ANIMAL MISSEXED

OTHER CASES

@ INCLUDES AUTOLYZED ANIMALS

s - " " " - - e St S e how . S " W o o - -

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMODRS* 49 35 33
TOTAL PRIMARY TUMORS 127 77 95

TOTAL ANIMALS WITH BENIGN TUMORS 48 35 31
TOTAL BENIGN TUMORS 98 58 67

TOTAL ANIMALS WITH MALIGNANT TUMORS 18 13 18
TOTAL MALIGNANT TUMORS 22 14 23

TOTAL ANIMALS WITH SECONDARY TUMORS#H 5 3 4
TOTAL SECONDARY TUMORS 7 4 4

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

BENIGN OR MALIGNANT 7 5 5
TOTAL UNCERTAIN TUMORS 7 5 5

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

% PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
¥ SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT DRGAN

- WP W W O " - - e e S T B . . M " " - "
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TABLE A2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS ADMINISTERED
TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE

- V- " - " - - " A ;- " 0 b Oy W e Sy W g " O o W e W D e A o Y e W O e e M e e W o e

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
¥SKIN (50) (50) (50)
PAPILLOMA, NOS 1 (2%)
¥SUBCUT TISSUE (50) (50) (58)
BASAL-CELL TUMOR 1 (2%)
FIBROMA 1 (2% 3 (6%)
FIBROSARCOMA 2 (4%) 2 (4%)
LEIQMYOSARCOMA 1 {2X%)
RHABDOMYOSARCOMA 1 (2%)
FIBROADENOMA 2 (&%) 4 (8X) 2 (&)
RESPIRATORY SYSTEM
#LUNG (50) (50) (49)
ALVEOLAR/BRONCHIOLAR ADENCMA 1 (2%) 1 (2X%)
ALVEOLAR/BRONCHIODLAR CARCINOMA 1 (2%) 1 (@2%) 1 (2x%)
HEMATOPCIETIC SYSTEM
¥MULTIPLE ORGANS (50) (50) (50
MALIGNANT LYMPHOMA, NOS 1 (2%)
MONOCYTIC LEUKEMIA 20 (40X%) 7 (14%) 2 (4%)
WSPLEEN (30) (502 47)
MONQCYTIC LEUKEMIA 1 (2%)
#LUNG (50) (50) (49)
MONDCYTIC LEUKEMIA 1 (2%)
SLIVER (500 (50) (48)
MONGCYTIC LEUKEMIA 1 (2%)

¥ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

" . - S o - - 5 S0 i S - T e M T g R A AR W e W T T W A W O D N G O T el e e o, T g

VEHICLE
CONTROL LOW DOSE HIGH DOSE

#THYMUS (30) 31 (23)

THYMOMA 1 (3%)
CIRCULATORY SYSTEM

SHEART (50) (50) (49)

ALVEOLAR/BRONCHIOLAR CA, INVASIV 1 (2%)
DIGESTIVE SYSTEM

BLIVER (50) (50) (48)
NEOPLASTIC NODULE 3 (6%) 8 (16%) a (17x)

#PANCREAS 50) (49) (47)
ACINAR-CELL ADENOMA 1 (2%)
ACINAR~CELL CARCINOMA 1 2%

#5TOMACH (50) (493 (45)
SQUAMOUS CELL PAPILLOMA 1.(2%)

#DUODENUM (50) (486) (43)
ADENOCARCINOMA, NOS 1 .(2%)

URINARY SYSTEM
NONE
ENDOCRINE SYSTEM

HPITUITARY (50) (49) (49)
ADENOMA, NOS 1 (2%)

CHROMOPHOBE ADENOMA 25 (50% 15 (31%) 16 (33%)
CHROMOPHOBE CARCINOMA 2 (4%)

#ADRENAL (50) (50) (48)
CORTICAL ADENOMA 2 (4%) 3 (6X) 5 (10%)
PHEOCHROMOCYTOMA 2 (4%) 5 (10%) 4 (8%)

#THYROID 50) 47 (41)
FOLLICULAR-CELL CARCINOMA 1. (2%

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

- e "] T - . T > > T S T T W g A " T W AW VR W W S M T W -

VEHICLE
. CONTROL LOW OOSE HIGH DOSE
C-CELL ADENOMA 7 (143%) 2 (5%)
C-CELL CARCINOMA 1 (2%) 4 (9%) 1 .(2%)

#PARATHYROID (31) (38) 31)
ADENOMA, NOS t (3%)

#PANCREATIC ISLETS (50) (49) (47)
ISLET~CELL ADENOMA 6 (12%) 2 (4%)
ISLET-CELL CARCINOMA t (2%)

‘REPRODUCTIVE SYSTEM

¥MAMMARY GLAND (50) (50) (50)
ADENOMA, NOS 1 (2%)

PAPILLARY ADENOMA 1 (2%)
CYSTADENOMA, NOS 1 (2%) 1 (2%)
LIPOMA t (2%

FIBROADENOMA 15 (30%) 21 (42%) 18 (36%)

*CLITORAL GLAND (50) (50) (50)
CARCINOMA,NOS 1 (2%

ADENOMA, NOS 4 (8%)

*VAGINA (50) (50) (502
SQUAMOUS CELL PAPILLOMA 1 (2%)
ADENOMATOUS POLYP, NOS 1 .(2%)

BUTERUS (50) (50) (47)
ADENDCARCINOMA, NOS 1 (2%)

LEIOMYOSARCOMA 1 (2%)
ENDOMETRIAL STROMAL POLYP 12 (24%) 5 (18%) B (17%2
ENDOMETRIAL STROMAL SARCDMA 1 (2%)

#0VARY/PARQVARIAN (49> (50) (48)

LIPOMA 1 .(2%)
NERVOUS SYSTEM

#PONS (50) (58) (49)

CHROMOPHOBE CARCINOMA, METASTATI 1 02%)

-~ " o] -, " . - - o - " >y " W - T " (ol - o - - - - -

SPECIAL SENSE ORGANS
HONE

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

D - - - D - - A - R T W 05 T O o VD - - e D A AR S M G U GG W R s SR Ml T R SR

VEHICLE
CONTROL LOW DOSE HIGH DOSE
MUSCULOSKELETAL SYSTEM
NONE
BODY CAVITIES
XTHORACIC CAVITY (50) (50) 50
ALVEOLAR/BRONCHIOLAR CA, INVASIV V(2%
®ABDOMINAL CAVITY (50) (50) (50)
LIPOMA 1 (2%
KMESENTERY (50) (50) (50)
LIPOMA 2 (4%)
ALL OTHER SYSTEMS
XMULTIPLE ORGANS (50) (50) (507
FIBROSARCOMA, METASTATIC 1 2%)
OSTEOSARCOMA, UNC PRIM OR META 1 (2%)
PERIORBITAL REGION
FIBROMA 1
NECK
C-CELL CARCINOMA, INVASIVE 1

T T " o - ] o - e W T - " 5 W e T W D G WD W W T S o e U e W B T P AR M B T - G WD WD N Gk 5

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 50 50 50
. NATURAL DEATHa
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 36 19 5
DOSING ACCIDENT
ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS 5 !
ANIMAL MISSING
ANIMAL MISSEXED
GTHER CASES

Q. _INCLUDES AUTOLYZED ANIMALS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED

o~ T
P
-0
L%}
-
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

e L R T e e L e > - - - - - p - - - -0 WD s ¥ e W " = W - -

VEHICLE
CONTROL

LOW DOSE

HIGH DOSE

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORSX
TOTAL PRIMARY TUMORS

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS

TOTAL ANIMALS WITH SECONDARY TUMORS#
TOTAL SECONDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT
TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

45
106

40
71

28
32

2

36
99

33
77

13
14

PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

e o e - D T - - - = - S e e 0 S e TP e 4 A e e v G Y . - - . S - . - T Y .
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TABLE A3, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
STUDY OF TOLUENE DHSOCYANATE: VEHICLE CONTROL

ANIMAL O] o] &1 87 61 ¢ ey 8y o 31 0 o 97 ¢f o] 9] o[ ¢ [N ] [
NUMBER ¢ g g gl ot ¢ [ g ot ; o1 6\ ; 1] 2l 2 2l 2
1 53 51 6 ) 8ili 51.% 2L3 12 518
WEEKS ON TF vy 1) 3F f) NI EEINIE B N Tt
sTRDY ef o 0F 0 64 % {21 01 81 of &1 0] 2f ¢ of of ¢f of of of ¢ 8} ¢
i sl sl ot gi 8l el 5t sl at 2l 3t aj sl sl a1 &l sl gt 8L At s! 2l 80 8
TRYESORERTIRY $¥57ER
SKIN L N O T I T T S T T T R Y T S S}
SQUAMOUS CELL PAPILLOMA X
TRICHOEPITHELICMA %
KERATQACANTHOMA X
BUBCUTANEDUS T133VE L T T R S T S R S I S T I )
BASAL-CELL TUMOR x
ADEHUCAICINDHI. MO$ X
ARCOMA, NOS x
F!l oM X x
RESFIRATORY SYSTEN
LUKOS AND BROMCH L O B R B R A A I T I S I T S )
llV!OLAlflRUNCNIOLAR ADENOF | x
ALVEDLAR/BRONCHIOLAR CARCIM JMA X
TRACHEA L e T T e I L A T 3
RERRYSFOIETIC STETER
BONE MARROW LR LI, SRR, S SN AL LI SO S . S U, S, S0, S SR SO S 2. YU S .1
SPLEEN AR IR ST SV SR S R, ST UL SN VL. S, SR ST SR SR ST L SR . S . .
LYMPN MCDES LR R S S SR S S S SO T Y. S S N S JUUR S SR SR SUUT. SR, SV S
THYMUS L T O I T T L T T N S AP R
ALYEOLAZ/BAONCHIQLAR CA. INVASIVE X
EIREUTATORY SYSTEN
HEARY L L O O S T A I S SR L I I I I R A
FITESS [VE SVSTEN
$ALIVARY GLAND L T S R T T e S O O I I
LIVER L I L S I S I S N R I S I A
NEOPLASTIZ MODULE X, 2 % X X
BILE pucT R IUE SR LS T S S S . L N S SR Y. S 2 T . N S
OALLELADDER 3 COMMOW BILE DUCT Ro.4..8 8 N M 8 8 H N N N H N H N H M ¥ N H H N K.H
PANCREAY I L T L T T T S S S S T N I A T ]
ACIHAR~CELL ADEMOMA
ELOPHALUS PEEE SUESNR SEE AR SR S S S S T R S SN SUER S TSN S S S S S
$TUMACH D I S T T N I S S T I
MESDTHELIOMA, METASTATIC b3
SPALL INTESTINE I T T T T R T N e
LARGE INTESTINE L L T e N . T T L S R T )

UKTRARY SYSTEN

KIDNEY
AQEHQCARCINOMA, WO
LIFORA

URINARY BLADDER L I . A T ST R S T I N Y S R ST S S

ENBSTRINE SYSTEN

PHUUAIY DI . T S S S R S ST S T S SR S Y
ADENOMA , *

CNWHUPHDII IQENUHI
CHROMOPHODE CARCINOMA

ADREMAL D T T T T T I T R S T )
CQRTICAL CARCINOMA X
PHEOCNROMQLYTOMA x X x X Xx
GANGLTOMEUROMA X
TNYROID L T e L S R
C-CELL ADENDMA
C~CELL CARCINDMA
PARATHYROIO L B L L T T e S T S 4
PANCREATIZ ISLETS L L T T N I T T S T S S S S
TSLET~CELL ADENOMA x
FEPRGOUCYTVE SYSTEN
PAPFMARY GLARD 4+ + N ¢ N 4 N ¢+ + % & N 4+ + 4 + + » + ¢ 4 N N 2
FIAROADENOMA X X,
TESTIS I T T R S S L TR T TR SN ST TR JENE SRR S S S S S S S
IWTERSTITIAL~CELL TUMOR X X X X X X X ¥ x X X X x X X x x x x X X x x X
MESQTHELIOMA, MALIGNAMT X
PRGATATE R ST SN 20O SO SO SR J. V. S-S JVVN. SUNR S . SV S S S S U SR
lllPUTIlLICl“UlIl OLAND ¥ W H N KN N W N N N H N KHKHHNHHNNHKHHHNHKMHNWNN
ADENORA, NO X x x X
REXVGUS S73TER
BRAIH I T T O N I T S T A T R T T Y

RUSTUTTIXECETAL Y73TER

MUSCLE N N N N N H N N NN HNNNUSNKTHNUHNHNHNINNMNNNHKH
FIBROIARCOMA
cunuc: N M MM K H R N NNMNNHMHNNMNDMNENMNNMLENIHNIHHKN
LIPORA X
YOV TAVITIES
MEDIASTIN N N H N N ¥ M N W N W N W N N N N N N H N R & N K&
ALvEuuklllnlcnluul CA, INVASIVE x
THYH X
FERITOMELM M N N N H K N M K N N W M H N H HN N N R K H N H N
MYKOSARCOMA
LIPOPA
MESENTERY
f”mzl H ¥ H N H & H N A N X N N K N B K K A N H N K H %
TUUTRER SvETiny
MULTIFLE ORGANS NOS N M N N H N H M N N N N H K N K N H N N
ADEHDCARCIHOMA, NUS. PETAATATIC mon v :
MYXOSARCOMA, METASTAYIC
MESOTHELTONA, INYASTVE
MESOYHELIOMA, METASTATIC
MENQCYTIS L EyKenia b3 X X x %X x
t TIYSUE EXARMINED MICROSCOPICALLY 3 ORQ TISSUE INFORMATION SysmITTED

*

- REQUINED TISSUE NOT EXAMINED MICROSCOPICALLY

X TUMOR IWCIDENCE

Nt WELROPYY, WD lUYUtYSXL NO MICRDOSCOPIC EXAMINATION
$:  ANIMAL MIS-3EXED

MECROPSY, ND WISTOLOGY DUE 1D PROYOCOL
ATOLYSIS

ANIRZL RiSSE

NO WECROPYY rurmeD
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED)

VEHICLE CONTROL

ANIHAL §1 2 oy AT of 61 &7 [ 1IN IRl
RUMBER 2t g 2] 31 31 35 35 31 34 3 31 31 4f a1 A
£1 7 9100 1 21 3l &1 S & 4130 61 1.2
WEEXS ON E30 T 81 13 ¥ v [ 17 ¢ Y] 11 0] 1 ¢
HHHHEHEHHHRHRHEHE
[} 3.2 2.8 H ]
TRYEROEATATY STSTER
KIN L T S L S S N R S R N I L O I A R ] 1L
SYUARDUS LELL PAPIL(CHA 1
ILICHOEPITHELICMA t
KERATOACAMTHOMA k]
SURGUTANEOUS TISSUE D R T S L S N T TR T T S S SR ST SN Y (Y1
PASAL-CELL TUMOR 1
ACENOCASCINSMA, WOS 1
SARLOMA, NGt 1
FIBREMS X )
RESPIRATERY SYST.H
LUNGS AND BRONCHI D I S S T S S S LT ST S SR I S T T T S 3
ALVEOUAR/BRCHCMIOLAR ADEROMA !
ALVEDLAR/BADNCHIGL AR CARCINGRA ]
TRACHES L S S N TR T A T T T S S S P Y S S P 1
RERRTOFETETTC STSTEN
BONE MARROW R TR RN AR T S LI T T TR T N . 3 43
SPLEEN L L T A . R L S . T T R T R T VL S . 43
LYMPN NOGES LR L SO . . R S T T S R . L SR L . R N S ... 48
THYMUS P S 27
ALVEQLAR/RRONTHIOLAR CA, INVRSIVE !
CIRLUTATORY SYSTEN
HEARY L e A T S S R S S T TR SN S 5
BIGESYIVE SvETen
SALTVARY GLAKD S T 50
LIVER EIRE ST TR ST SR TR U TN JUNY ST S ST ST T ST TN S ST TR S T ST ) 3
NEGPLASTIC NODULE X % 1
BILE DUCT LI R SNCINNE SHEE YR SR SR S S S SUUR SEUE SUEE S O, S SO S SN S, S SO T 54
QALLBLADOER & COMMEN BILE DYCY N N N K N N N N N KN N K N N N N ¥ H N N N N K K S4x
PaN R T T L T T S T L 4 &y
ACENA! CELL ADENOMA X k]
ESOPHAQUS KON ST L SR S S SR SR S SR 2 SO, SRR U S S SO PO SO S, S S 4%
STOMACH B T T S P T N T 49
MESOTMELIOMA, METASTATIC 1
IMALL INTESTINE CR . L L T T T DL S 2 TR T TR TR S N I L s 2 48
LARGE IWTESTINE I S S S T S S S S S S S S T T T T R SR S S (Y}
TRINERYEYETER
KIDNEY L T I R e R A T O D . S B 50
ADENOCARCINOMA, NOS b3 !
LIPOMA X A
URINARY BLADDER D A S Y I T BT S I A I B %6
ERDOTRINE SYSTEN
PITUI’I’AIY D L T S T e R T I O 2 R R I B 89
X 2
CHRCHOPND! ADEND| X X x 3
LHROMDPHOBE ICINUHA X 1
ADREMAL D S T e e e e R L B T S R B D I T 50
CORTICAL CARCINOMA !
PREGCHRAMOCYTOMA X X X X X x x 12
BANGL SONEURQMA )
THYR P T T T T T S A PO S S S S S S Y &g
E'EELL ADEHIMa x X 2
C-CELL CARC.NQOMA 3 )
FARATHYRDID R S T S I S T e T I T R S B SR 3%
PANCREARTIC ISLETS PRI SR S TR 2 T T S S S S S R T 67
ISLET-CBLL ALENDMA ¢
EEFROBGCTIVE SVSTER
PAMMARY QLAND % N ¢+ N N N & N ¢ % ¢+ & 3+ 3 & 2 2 4 o 4 4o o+ s sgn
FIBROADENDRA X X X X L
TE5T1S FIREE R TR T S S TR S SR SN TR SR S S S A O N B T e 1 86
INTERSTITIAL-CELL TUMOR X x X X X X X x X X x X x X X X X X X X X X X X 48
MESOTHELIOMA, MALIGNANT b £.
PROSTATE [ R NI S ST ST SR T S T X NN TN, Y R YL SR S SN YU S S 44
PREPUTIAL/CLITDRAL GLAND N ¥ H N N H H H N N N N K NNHKHKHKNHKNNIS NN s0m
ADENOMA, NOS X x X 7
WERVGUS SVSTEH
BRAIN L T T S ST T S S 2T R ST S ST T A N T 58
FUSCULBSRELETAL YSTER
MUSCLE H M N N N N K H H H H H ¥ N N N NN NN NN KR ¥ sex
FIRROSARCOMA X 1
CARTILAGE H § NN H ¥ N H N H K KNNMNIKNUHMH N N H N KN 509
LIPOMA 1
YT TRVITIES
MEDIASTIWUH N N N H N H N N N NNN TN HHNHNNHNBANEHNNHH 50
ALVEOLAR/BRONCHIOLAR CA, INVASIVE d
FRYMGMA h!
PERITONEUM N N H N N K H H H " N N N H K H N X N H H H H N M 50N
MYXQSARGOMA x 1
LIPQMA X X 2
MESENTERY N M H A H H H H H H N N N N N H KNMHKN©NMHMHNMHWWN S50n
LIPBMA X 1
RLTTOYHER S STERY
RULTIPLE ORG&HS ROS H N H N H H N N H N N H N KNMNMNNHKINKNHNMNZSH 30%
A INOMA, NOS, METASTATIC 1
o &GSA!C &, METASTATIC X i
MESOIMELIOMA, INVASIVE X 3
MESOTHELIOMA, METASTATIC X 3
L ix¥.) -3 b4 X L
L] ANIP‘ALS NECRLFSIED
EISSUE EXAMIHED MICRQSCOPICALL + ND TISSUE IWFORMATION SUBNITTED
-+ REQUIRED Ti!SUE NOT EXAMIWED HICRUSEDPICALLV €: MNECROPSY, WD NISTOLO0GY OUE YO PROGTOCOL
i TUMDR INCIBENC A AUTDlYSXS
N: NECROPSY, HO AUYOL\‘S!S; HD MICRQSCOPIC EXAMINATION M: ANIMAL
B: HNO NECRBFSV PlRVORH!D
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
STUDY OF TOLUENE DIISOCYANATE: LOW DOSE

iR!I”IﬂL ¥ [ ey sT sT oL ¢7 ot 7 ev 81 07 61 9 E (13N
NUMBER 8 [ I I I I I I 1 I B I z 21 21 2
— P 3 280 80 8f v1 2l 31 61 %1 6f vi Al % il 31 61 8
WEEK ] T NIRRT I EIEIE I ] )
i HHEHHHHEHEEHHEHERHHERRHEE
2
N TARY SYSTEM
SUBCUTANEOUS TESSUE D T T S L T T S S e e A T + .
FI8RAMA
FIBRUSARCOMA
FlIROSIICDHA. INvASIVE
FIBRGADEMD
OSTEMARCDHA X
KEPTAAYORY 5V 720
LUMGS AND BRONCHI D L S I T T e O L T S ST S S T S
OUSTEDSARGOMA, METASTATIC X
TRACHEA L N T T e I L S I
WERRTOFSTETT S YVETEN
BOME MARROW EIE LI S AR LR S . L LR S W S L S . L S A
SPLEEM TSR S T S TR L S S S LR SR S L SR S . S S T S
LYMPN HODES 3 * + + > + L3 k3 + k3 * + + - & . * * R * * 3 *, * 2
THYRUS L T T T T L e I R S S N I S I B
TTRCUTATONY SYETER
HEART L L e T e S L T S S T
WEURDFIBROMA X
BIEESTIVE S¥STER
SALIVARY GLAWD L S T S I T S TP T ST S SR TS ST S Y
SARCORA, 0%
LIVER LI O T T S S S R N T R T T TR S S
NEOPLASTIC NOPULE X x
HEPATOCELLULAR CARCINOMA
HEMAHGIOIARCOMA X
BILE pucT LR R L S SR ST S UL S T L L S T S L T . S S
GALLBLADDER 2 COMMON BILE DuCT MJELE N M ¥ N K 8 K M N N K BN & & N 8 B K K N R
PANCRE L T e . T T e R )
ACXNAI CELL ADEMQMA X, X
E3OPNAGUS L R S T L NN S UL T ORI ST, . . S . SR L SN 1
STQMACK LR T L N S - SV SR T TN, SU LR SR SN S SR T S
SMALL IATEATINE LIRS S . S SRS . SO S S S .- SR S S S S .
LARGE JMTESTYINE L e e S e R 2 T I e R e e S A I T T

TRINARY SYSTEN

KiDHEY
FINADIARCOMA, METASTATIC

URZNARY BLADNER L S R R S O T T TR T S S S SR ST ST SN
ENBEERINE SYSTER
PITUITA L I T S T I T R R S T S T S S N
CHROHDPNOIE ADENGMA X X
ADR HAL I T I T S N I S N T ST S 3
PH OCHROMDEYTOMA X X X v3
TNYROID L e e e e e I O e L R T A A A )
C+CELL ALENOMA
C~CELL CARCINOMA X
PARATHYROID L e e S I R R N L S T SN S S Y
REFROUUCTIVE SYSTER
MAMMARY GLANQ + 0+ M or H o+ ¢ A s N ¥ 4+ e« + &+ N M + N ¢ ¢+ ¢ N 3 ¢
FIBROADENAMA
TESTIY L T Y S T T T SR )
INTERSTITIAL-CELL TUMOR x X X X x x X x x X X X X X X X X X
MESOTHELIOMA. NDB X
PUDSTATE L T S I T S S S N TR 2 TR ST S S S S R
RERVOUS SYSTEN
BRAIN L T T T S T S R S S N 2NN SN S T S ST S S 2T
BB EAVITIET
MESENTERY W KN H N KN NNPKHNHNMHNMHNHNNRKNHIEHNRKNHEKAN
MY XOSARCOMA X
LIPOMA X
ﬂUL'IPLE DRGANS NOS N H N H M H N NN N H KHERNNKNHNNHNHNNNDN
MESOTHEL TOMA, N0 X
NEHANGIOSARCOH*. !N\'A!IVE x
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
STUDY OF TOLUENE DIISOCYANATE: HIGH DOSE
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TABLE A3. MALE RATS TUMOR PATHOLOGY (CONTINUED)

HIGH DOSE
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR

STUDY OF TOLUENE DIISOCYANATE: VEHICLE CONTROL
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR
STUDY OF TOLUENE DIISOCYANATE: LOW DOSE
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TUHD! INCIOENC AUTOLYSIS
ROPSY. HO AU!oLrsu. ND MICROSCOPIC EXAMINAYIOK ANImAL M

LSSING
ANIHAL MIy-SEX HO WECROPSY PERFORMED
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE

T ET 91 ol ¢ gT ¢1 0179 ¢ 81 ¢ §T 871 91 o[ aT o7 &7 91 ¢7 a7 41 ¢
NUMBER 220 20 2 3D 3D o3t 31 31 30 3L O30 30 3| &) &L &1 %f Al 4 41 sf 4] 5] 5
$L.21.8 Bl i gl 34 & 51 61 71 &7 %: of ]Sy ST B 7 813 T07aL
WEERS ON el e s e ey gy e a8 gl g fL rToT fTT1SSUES
5TUDY o o of cf 2y of of ol of of ¢ &1 sf of of of o} of 8] &: 9| ol cf 3| 0| rumoRs
8121 3l &t ot o 3: .81 24 st zi sf 2l xi sl ajl gl sj 8t s 8] AL SL.A
TRTEGURENTARY STSTEN
SLIN R T T e L I T S S 2 e S S SR S Apw
FAPILLOMA, NOS X
SUBCUTANEOUS TISSUE L S S S S S S T S T T T R A S S S o
3ASAL-CELL TUMDR x 1
FIBROMA X i
F1BRGADENG™MA x x “
RESFIRATGRY S¥ETER
LUNGS AND BRONCHI PR T T T S S S S S T R R S R . 11
ALVEQLAR/BRONCHIOLAR ADEHOMA X { 1
ALVEGLAR/BRUNCHIDLAR CARCINDMA H *
TRACHEA O T T e T S T T S S 3
HEMATOPUIEVIC SYSTERM
BONE MARRCY R R T T T T T N S T T S N S ST S S 43
SPLEEN PSR R ST T SUNE S ST ST S SR S AR ST T ST S0 S A SR S S W1 T |
1
LYMFH WDDES R N N Y T R S T T N S AT N Y . Y
¥
THYMUS D T S . T S S S S A R A 3t
THY®OMA 1

CIRCOTATORY SYSTEM

AEART D T e e 2 I L T R . S T Y CI A
AL YECLAR/BRANCHIOLAR Ck, INVASIVE i L

HIGESTIVE SYSIER

S&LIVARY GLAND LT L SR . L S S S L T, SR, S S A R SR S S . ST S . . 4 49
LIVER L e T T T R L TR TR S S 3
MECPLASTIC NONULE x x X x ' LN
BILE DUCT R R I A N I A A T +§ 5 !
GALLBLADDER & COMMON BILE DUCY K N M H M H S N & N K N 8 NN ¥ N & ¥ N N NN K ¥ sax i
PANCREAS IR S S S SR SO T S S SN SR LI S . S S S 49 Y
ESOPHAGUS I N N I I N A A N L T |
STCMACH LT LI, S S S VS, SR UL SN S ZUUE ST SO SR, SR SR, SOV S SO S S SO J. 4% "I
SMALL INYESTINE I I L T S R 2 I e S N S S Y ] L1 ;
ADEROCARCINOMA, NOS X Al
LARGE INTESTINE FREE SR S T S T S S T Y ST S S T T R N 2 T T T Y 5
TRTRA ¥ E7STER
KIDNEY A A N I I R A T A I S e 58
URINARY BLADDER R T T S S T T T ST T S N N T S S 48
ENDGCRINE SYSTER
PITUIY I S T T S S S S S L T 2 T T S T T T S 49
CNRUHUPF‘C!E ADENDMA X X 3 Xk, X Zonu & 15
ADRENAL DI T T S S S N S T I 52
”UR"ICAL AQENCRA X x 3
PHEBCHRIMOCY TOMA X s
THYRDID L S T T S S S S L S e S S T ST § “?
C~CE{L CARCINOMA X X 3 4,
FARATHYRCID LR L 2 SR SO SO, S S S L SO S . S SO . S k1]
PANCREATIC ISLETS L T T T T S e R L T TR T T S SRR T 1 %
ISLET~CELL ADEMCHMA X X X é
ISLET~CELL CARCINOMA X '
REFRODUCTIVE SVETER
MAMMART GLAND I I T T T T sgx
ADENDMA. NO§ 1
CYSTADENGMA, HOS 1
LIPOMA 1
FIBROAQENOMA x % x x x X x % X X % b3 2t
PREPUY!IL/CLITURAL GLAND H N N N H K N N H KN N % N & N N H H H N N H H u N LI
ADENDMA, ND XX X, 3
UTERUS B T T T S S R T AR T S SR S S S S 50
ENDOMETRIAL STROMAL POLYP X X
OvARY P O S TR T TR S T T B SN N ST S SE T SR B SR 59
RERVGUS SYSTER
BRAIN P T T T T T T T 5y
BCDY CAVITIES
PLEURA N N H N M H H N N N N N N H N H H K W N N N H K H so
ALVECLAR/BRONCHIQUAR CA, I[NVASTVE,
PEﬂIYUNEUH N N N N M N H N H N N N N H N N KN N N9 N NHNN 508
IPOMA x
AT OTHER SYSTERS
MULTIFLE DRGANS NOS5 W H N N K N 8 N H M H H H N B NN KN NHNHHN 0%
MONDCYTIC LEUKEXIR X, LS4 X X,
PERIGRRITAL REGION
FigRoma k]
NECK NCS
it v bg i

* AHIMALS MECRDPSIED

185UE EXAMIMED MICROSCOPICALL © MO T{SSUE IHFORMATION SUBMITTED
!EALXAED YlSSUE K0T EXAMINED HICRDSCDPXCALLY NECRQPSY, HO HISTOLDGY DUE YC PROTOCOL
TUMOR IWCICEN AUTOLTYSIS
NECRODPSY, HO AUTULYSYS, HD MIZRISCOPIC EXAMINATION ANIMAL MISSIN
HO NECRUPS\‘ PERFJR"!ED
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR
STUDY OF TOLUENE DIISOCYANATE: HIGH DOSE

ARIMAL G 0] o[ o] of o] oI of o] oT gT o of of of o[ oF of of ¢l 9T o[ o[ o7 0
NUMBER o ol oF 0] of of o of o vi tp v tp o] vy of 1 tp tp 2] 2] 21 2] 2t 2
il 2] 3t el 51 ¢l v] wi o] ot ] 2| S{ 6] 54 6| 2) 81 9] 01 +] 2} 3] 4| 5
WEEKS ON 101 ot f] o] ot of [ o o[ ¢t al el el gt o ay T3¢ o 1} o 119
STUDY 0] 2 ; g g g ; g : s 81 71 0] 9] % 7‘ 71210 g 2l ol 8] 0l &
8l 3 ¢l 2] &l 2] 61 7 9] &l & sl el 6l 3
NTEGUMERTARY SYSTEM
SUBCUTANEOUS TISSUE T R S S R S R R S TR S T
FIEROMA x
FIBROSARCOMA x
LEIOMYOQSARC JMA
RHABDOMYDSARCOMA x
FIBROADENOMA M
RESPIRATORY SYSTEM
LUNGS AND BRONCHI S S S S O T T S S L L R
ALVEOLAR/BRONCNIOLAR ADENOMA
ALVEOLAR/BRONCHIQLAR CARCINOMA
MONOCYTIC LEUKEMIA X
TRACHEA D e N . T T TR S S
HEMATOPOTETI SYSTEM
BONE MARROW EE R R S S S SR S S SN S UL UL S S SN S SN S S S S S
SPLEEN PR S T R ST S SN SN SEE ST ST ST ST ST S ST ST RN S S S
LYMPH NODES LR SR SR R ST S S S R . - S S S S S S S S S ST
THYMUS T T S S S S - T TR S ST S SR S}
CTREUTATORY SV51°%H
NEART L T T T T T S S
DIGESTIVE §VSTER
SALIVARY GLAND IO SR S R S S S S SN N SN S S SN LIRSS S ST S SR SR S
LIVER L T T T S L I T e L T R O
NEOPLASTIC NODULE X X
MONOCYTIC LEUKEMIA X
B3ILE DUCTY PR S S S ST ST S SR SN S S S S S S S S SN S S SN S
GALLBLADDER & COMMON BILE DUCT M _N _H N M _H N N N H H N N N N K N H M W N N H N M
PANCREAS e T T T S S S T S T S S R
ACINAR-CELL ADENOMA
ACINAR-CELL CARCINOMA
ESOPHAGUS P T S TN ST W SO JENE TR SUNE SN SHEE SN SN SR SEN S SN S S R R SN
STOMACH [T S SN, W TR SR O SN NN ST N S S R R R N L NN
SMAL. INTESTINE U T SRR SRS S-S S SO S S S SR S U S SUN ST SN SNk S, A
LARGE INTESTINE I T T e e R . A I S S I R N e
TRARY SYSTEM
KIDNEY U S S T SR SR S SR SO S SR SN S UL I SN N S S SN S
URINARY BLADDER LI T e e T e e L R B T S e
HDOCRINE SYSTEM
PITUITARY E I T S S S S T T S S e e I S S
CHROMOPHOBE ADENOMA X X X X X, X
ADRENAL S R T T R S S I T T T
CORTICAL ADENOMA X X X
PHEOCHROMOCYTOMA X X X
THYROID L T R L I
C-CELL ADENOMA X
C-CELL CARCINOMA
PARATHYROID CEEE S R S N S S R S-S, S S S U AU S, S S S S
PANCREATIC ISLETS PR T R S S S A
ISLET-CELL ADENOMA X
REFRODUCTIVE SYSTEN
MAMMARY GLAND O ON ¢+ 4 RN 4 4 N+ e e e e e s
PAPILLARY ADENOMA
CYSTADENOMA, NOS
FIBROADENOMA X X x X X X X
VAGINA N N N H N N N N H NN NN NNBHNHNHNNNMHNNHNN
SQUAMOUS CELL PAPILLOMA
ADENOMATOUS POLYP, NOS X
UTERUS T T R S T B S S S A 2 I A A A A
LEIOMYQSARCOMA
ENDOMETRIAL STROMAL POLYP X X X X
OVARY T e I A 2 N R R S T e D D DR R 1
NERVOUS SYSTEM
BRAIN T I T T R T T S S S S S A 2 AR A 2 T I S A
AT OTHER SYSTEMS
MULTIPLE ORGANS NOS N N N NN NN NHNNMNNMHBNBNNUNNMNNWHNNN
STEQSARCOMA, UNC PRIM OR META X
EMIA X
+ TISSUE EXAMINED MICROSCOPICALLY 3 NO TISSUE INFORMATION SUBMITYED
- REQUIRED TISSUE NOT EXAMINED MICROSCOPICALLY C: NMECRQPSY, NO HISTOLOGY DUE YO PROTOCOL
X TUMOR INCIDENCE A:  AUTOLYSIS
N: NECROPSY, NO AUTOLYSIS, NO MICROSCOPIC EXAMINATION M:  ANIMAL MISSING
S ANIMAL MIS-SEXED B: NO NECROPSY PERFORMED
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TABLE A4, FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE

ARIFAL ] (1] SIBIR)
HUMBER 3 %l o HEIRIE]
X ol 3 &) 31 ¢ TOTAL
W ¥ (18] 111 TISSUES
sTuoY ] ] 37 of 8/ of 9 9f ¢ TaMORS
IRYESTRERTREY SYETER 2 . G e
SUBCUTANEQUS TISSVE L 1L
FIBROMA 3
FIBROSARCOMA 2
LEIOMYOSARCOMA !
RAABDOMYOSARCOMA 1
FIBROADENOMA x ]
FESPTRATORY SYETIH
LUNGS AND BRONCNI ’ ’ 1)
ALVEOLAR/BRONCNIOLAR ADENOMA X '
ALVEOLAR/DRONCHIOLAR CARCINOMA !
MONOCYTIN LEUKEMIA i
TRACHEA D 3t
RENETIFOTETIT SYSTEN
BOME PARROMW * 2 4 49
SPLEEN 4+ 4 3 LY
LYMPH NODES + . 3 'Y}
THYMUS + - 28
TYRTOURYORT SVETER
NEART + (1}
BISESYIVE SVSTER
SALIVARY GLAND - [}
LIVER » (1]
NEOPLASTIC NODULE L]
MONOCYTIC LEUKEMIA !
BILE DUCT + K2 14
GALLBLADDER & “)MMON BILE bucy N H sgu ]
PANCRERS I * [ 47
ACINAR-CELL ADENOMA X M
ACINAR~CELL TARCINOMA k!
EABPHAGUS hd k2 13
ITOM.CH L * A3
SMALL INTZSTINE - 4 43
LARGE INTESTINE + [}
URTHARY SYETIN
KIONEY ‘ A2
URINARY BLADDER + .
ERBOTRINE SYSTER
PITUITARY . + + 0t L1}
CNROMOPHOBE ADENOMA X X X 16
ADRENAL + ‘e 43
CORTICAL ROENDHMA 4 X 5 .
PHEOCHROMOCY TOMA 3
THYRDID + - 41
C-CELL ARENIMA X 2
C-EELL CARCINOMA .
PARATHYRQID . 1L
PANCREATIC ISLETS . * [}
I3LET-CELL ADENIMA X H
REPROSUCYIVE SYETER
MAFMARY GLAND ¢ + 1)
PAPILLARY ADEHOMA x ]
CYSTAGENNMA, NOY g
FILROADEROMA X 1]
vAQINA " N L] (1]
$QUAMDUY CELL PAPILLOMA X '
ADENQMATOUS POLYP, RD% 4
VTERUS . L) * (3]
LETGMYQSARCOMA X '
ENDORETRIAL STROMAL POLYP )
ovaRy . (Y}
RERVOUSSFIVEN
BRAIN . ')
R BTRER SYSTERS
MULTIPLE OROANS NOS ] HT]
QETEDSARCOMA, UNC IR DN MET \
A

" ANIMALS NECRIPSIED

cre

TUNMIR INCIDENCE

+ TISSUEL EX#1NED MICRQSCOPICALLY
! OREPUIRED TI9SUE NOT EXAMINED WICROACOQFICALLY
¢

i NOCROFSY. N AUTOLYSIS, NO MICROSCOFIC EXAMINATIGN

ON SuBHITTIEOD
oGy DUE TQ PRATOCOL

RFORMED
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN
MICE ADMINISTERED TOLUENE DIISOCYANATE
IN CORN OIL BY GAVAGE
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TABLE B1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE ADMINISTERED
TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE

- o~ o " - "r T o . - - - - " - " - O - "

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 %9 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 %9 50
INTEGUMENTARY SYSTEM
¥SKIN (50) (49) (50)
FIBROMA 2 (4%)
FIBROSARCOMA 4 (8%)
NEUROFIBROMA 1.02%)
¥SUBCUT TISSUE (50) (49) (50)
SARCOMA, NOS 1 (2%)
FIBROSARCOMA 1.(2%)
RESPIRATORY SYSTEM
#LUNG (50) (48) (49)
HEPATOCELLULAR CARCINOMA, METAST 2 (4%) 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA to(2%) 3 (6%) 2 (&%)
ALVEOLAR/BRONCHIOLAR CARCINOMA t (2% 2 (&%)
HEMATOPOIETIC SYSTEM
¥MULTIPLE ORGANS (50) (49) (50)
MALIGNANT LYMPHOMA, NOS 3 (62) 2 (4%) 2 (&%)
#SPLEEN (48) (47) (49)
MALIGNANT LYMPHOMA, NOS 2 (4%)
#MEDIASTINAL L.NODE (41) (35) (37)
ALVEOLAR/BRONCHIOLAR €A, METASTA 1 (2%)
$MESENTERIC L. NODE (41) (35) (37)
MALIGNANT LYMPHOMA, NOS 2 (5%)
$LIVER (649) (48) (50)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%

¢ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
% NUMBER OF ANIMALS NECROPSIED
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
#DUODENUM (46) (44) 37
MALIGNANT LYMPHOMA, NOS 1 (2%)
#JEJUNUM (46) (44) (37)
MALIGNANT LYMPHOMA, NOS 1 (2%)
CIRCULATORY SYSTEM
¥EPIDIDYMIS (50) (49) (50)
HEMANGIOSARCOMA 1.(2%)
DIGESTIVE SYSTEM
#LIVER (49) (48) (50)
HEPATOCELLULAR ADENOMA 5 (10%) 3 (6%) 2 (4%)
HEPATOCELLULAR CARCINOMA 6 (12%) 9 (19%) 3 (6%)
#FORESTOMACH (48) (47) (50)
PAPILLOMA, NOS 1.(2%)
#DUODENUM (46) (44) (37)
PAPILLOMA, NOS 1 (2%)
URINARY SYSTEM
#KIDNEY (50) (48) (50)
TUBULAR-CELL ADENOMA 1 .(2%)
ENDOCRINE SYSTEM
$PITUITARY (46) (42) (41)
ADENOMA, NOS 1 .(2%)
RADRENAL (49) (48) (50)
CORTICAL ADENOMA 1 .(2%) 1 .(2%)
#THYROID (46) (39) (44)
FOLLICULAR~-CELL ADENOMA 1 (3%) 1 (2%)
$PANCREATIC ISLETS (49) (47) (50)
ISLET-CELL CARCINOMA 1. (2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

-——— T - " - " " - e e R RS S M S0 R T SO S 06 VY e Yo e e e T -

VEHICLE
CONTROL LOW DOSE HIGH DOSE

- - - o o > 2 o " R T " 1 "] - -] " " it o e T S Lo e S ] - ] - o o T > 2

REPRODUCTIVE SYSTEM

#TESTIS (49) (49) (50)
INTERSTITIAL~-CELL TUMOR 1 .(2%)

- - " ]_ . 2 2o 1 ] - O~ " - W b o S o " " o Tk T - - - e .

" " " - o -V S - W D i A e (58 - e T e e S . - T " - "

SPECIAL SENSE ORGANS

¥HARDERIAN GLAND (50) (49) (50)
ADENOMA, NOS 2 (&%)

- o o T ot o T o .- o T R T e T - > - -

- - - - o o o o e Sl i S 05 A M W WP B WO o T oy e e e e e - o o

ALL OTHER SYSTEMS

MMULTIPLE ORGANS (50) (49) (50)
FIBROSARCOMA, METASTATIC 1 (2%)

- s .- A i O S e e s A M T S G N A 0 YR e T S S S B O O O T T

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 50 50 50
NATURAL DEATHa 4 8 20
MORIBUND SACRIFICE 1 4
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 46 %0 26
DOSING ACCIDENT
ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS
ANIMAL MISSING
ANIMAL MISSEXED 1
OTHER CASES

B INCLUDES AUTOLYZED ANIMALS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS* 22 27 9
TOTAL PRIMARY TUMORS 29 33 11
TOTAL ANIMALS WITH BENIGN TUMORS 11 11 4
TOTAL BENIGN TUMORS 13 12 5
TOTAL ANIMALS WITH MALIGNANT TUMORS 14 19 6
TOTAL MALIGNANT TUMORS 16 21 6
TOTAL ANIMALS WITH SECONDARY TUMORS# 3 2
TOTAL SECONDARY TUMORS 3 2

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT
TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

% PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE ADMINISTERED
TOLUENE DIISOCYANATE IN CORN 0IL BY GAVAGE

- - " o . T . > WP Y - Y 0 e A e e T A T = e e S W e e e e S e S G W e D N e e G0 B N e A n Gy -

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
¥SKIN (50) (50) (50)
FIBROSARCOMA 1 (2%) 1 (2%)
MYXO0SARCOMA 1 (2%)
¥SUBCUT TISSUE (50) (50) (50)
SARCOMA, NOS 1 .(2%)
RESPIRATORY SYSTEM
8LUNG (49) (50) (50)
HEPATOCELLULAR CARCINOMA, METAST 1 .(2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2%) 1 (2%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (4%
SARCOMA, NOS, METASTATIC 1 (2%)
OSTEOSARCOMA, METASTATIC 4 (8%) 1 (2%)
OSTEOSARCOMA, UNC PRIM OR META 1 (2%
HEMATOPOIETIC SYSTEM
¥MULTIPLE ORGANS (50) (50) (50)
MALIGNANT LYMPHOMA, NOS 9 (18%) 14 (28%) 12 (264%)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 2 (6%)
LEUKEMIA,NOS 3 (6
#MEDIASTINAL L.NODE (45) (44) (44)
ALVEOLAR/BRONCHIOLAR CA, METASTA 1 (2%)
OSTEOSARCOMA, METASTATIC 1 (2%)
OSTEOSARCOMA, UNC PRIM OR META 1 (2%)
MALIGNANT LYMPHOMA, NOS 1 (2%)
8MESENTERIC L. NODE (45) (44) (44)
MALIGNANT LYMPHGOMA, NOS 2 (5%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
 BINGUINAL LYMPH NODE (45) (44) (44)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)
SJEJUNUM (45) (50) 1)
MALIGNANT LYMPHOMA, NOS 1 2%
ETHYMUS (38) (34) (40)
MALTIGNANT LYMPHOMA, NOS 1 (3%)
CIRCULATORY SYSTEM
*ABDOMINAL CAVITY (50) (50) (50)
HEMANGIOSARCOMA 1 (2%
¥SUBCUT TISSUE (50) (50) (50)
HEMANGIOMA 2" (4%)
$SPLEEN (50) (50) (49)
HEMANGIOMA 1 2%
SLIVER (50) (50) (50)
HEMANGIOSARCOMA 1 (2%
BOVARY (47) (47) (48)
HEMANGI0SARCOMA , . 1 (2%)
DIGESTIVE SYSTEM
BLIVER (50) (50) (50)
HEPATOCELLULAR ADENOMA 2 4% 3 (6%) 12 (24%)
HEPATOCELLULAR CARCINOMA 2 (4%) 2 (4%) 3 (6%)
SARCOMA, NOS, METASTATIC 1 (2%)
#DUODENUM (45) (50) 41)
PAPILLARY ADENOMA 1 2%
$CECUM (45) (50) (46)
LEIOMYOSARCOMA 1 (2%)
URINARY SYSTEM
K IDNEY (50) (50) (50)
OSTEOSARCOMA, METASTATIC 1250

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEQPLASMS (CONTINUED)

e T e e R e L T R e R

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ENDOCRINE SYSTEM

#PITUITARY (46) (44) (43)
ADENCMA, NOS 4 (9%) 3 (7%) 1 (2%)

RADRENAL (47) (49) (49)
PHEOCHROMOCYTQOMA 1 .(2%)

#THYROID (44) (44) (48)
FOLLICULAR~CELL ADENOMA 1.(2%) 1 2%

REPRODUCTIVE SYSTEM

¥MAMMARY GLAND (50) (50) (50)
ADENOCARCINOMA, NOS 1 02%)
CARCINOSARCOMA 1.(2%)

#UTERUS (502 (50) (50
LEIOMYOMA 1 (2%
ENDOMETRIAL STROMAL POLYP 2 (&%)

ENDOMETRIAL STROMAL SARCOMA 1 (2%)
#OVARY (47) (47) (48)
TERATOMA, NOS 1.(2%)
NERVOUS SYSTEM
NONE
SPECIAL SENSE ORGANS

®HARDERIAN GLAND (50) (502 (502

ADEHOMA, NOS 102%) 1 (2% 1 (2%)
MUSCULOSKELETAL SYSTEM

XBONE (50) (50) (50)
OSTEOSARCOMA 1 .(2%) 1.(2%)

¥VERTEBRAL COLUMN (50) (50) (507
OSTEQSARCOMA 2_(4%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
%XRIB (50) (50) (50)
OSTEDSARCOMA 1 (2%
BODY CAVITIES
¥MEDIASTINUM (50) (50) (50)
OSTEOSARCOMA, METASTATIC 1 2%
ALL OTHER SYSTEMS
XMULTIPLE ORGANS (50) (50) (50)
FIBROSARCOMA, METASTATIC 1 2%
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 50 50
NATURAL DEATHa 1" 5 17
MORIBUND SACRIFICE 4 2
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 34 43 33

DOSING ACCIDENT

ACCIDENTALLY KILLED, NDA

ACCIDENTALLY KILLED, NDS 1
ANIMAL MISSING

ANIMAL MISSEXED

OTHER CASES

a INCLUDES AUTOLYZED ANIMALS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED

VEHICLE
CONTROL LOW DOSE HIGH DOSE
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS¥ 26 31 30
TOTAL PRIMARY TUMORS 30 36 48
TOTAL ANIMALS WITH BENIGN TUMORS 7 11 15
TOTAL BENIGN TUMORS 8 13 19
TOTAL ANIMALS WITH MALIGNANT TUMORS 21 21 22
TOTAL MALIGNANT TUMORS 22 23 26
TOTAL ANIMALS WITH SECONDARY TUMORS# 6 2 1
TOTAL SECONDARY TUMORS 9 2 2
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT 1
TOTAL UNCERTAIN TUMORS 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC 1
TOTAL UNCERTAIN TUMORS 2

¥ PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

- — = = L = - e A o e - - O T = e e e T e - e P TR T e M P Se R e e P e M
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF TOLUENE DIISOCYANATE: VEHICLE CONTROL

ANTMAL or df of eT o] o e[ oT of o[ ol o] o] e[ of o] o] o[ of o] ] & ¢] o] ?
NUMBER 6] o) ol o] of of o] 0] 0 1 1 1 1 1 t 1 1 1 1 2 2| 2| 2] 2] 2
120 sl 4l 5! ¢f 21 81 ol of 11 21 31 ¢} o1 64 71 8f 91 01 1] 21 31 ¢f %
WEEXS ON T (7 10 [ o o o ] v v of v vyt ovprporp o rp tpt
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SKIN L T S e R e e e Y )
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ALVEOLAR/SRONCNIOLAR ADENOMA X
ALVEQOLAR/BRDNCHIOLAR CARCINOMA X
TRACNEA L T T S R ]
REMATOPOTETIC SYSTEN
BONE MARROW LSS SRR SR SN SN SN SR SN SRR SN S S SN S SN S SN SN S 3
SPLEEN PR SY S S S S S S S S S S S SR S T S SR SN S S
LYMPH NODES D e T I e T S B I T B A N R I
ALVEQLAR/BRONC (I0LAR CA, METASTAT X
MALIGNANT LYMPHOMA, NO X
TNYMUS L R L I I R N T S I
CIRCUTATORY SYSTEN
NEART L T S S e L T e R I )
STGESTIVE SYSTER
SALIVARY GLAND PINS SN SR S S S S S U SN SR SRR JUNE SN SR S SN SN SN SN S S S
LIVER D T e L T e e e I
NEPATOCELLULAR ADENOMA X X
HEPATOCELLULAR CARCINNMA X X X
BILE DucT R SR TR SR S SN S S SHNE SN SUNE SN SN S S SUNE SN SN SN SN N )
GALLBLADDER . COMMON BILE DUCT 44 ¥ 4 4 ¢ ¢ N 4 ¢ b b 4+ ¢ b ¢+ b ¢ N ¢ b ¢4
PANCREAS PR R S R RS S SR N S S S S S S U S N S N N N N |
ESOPHAGUS TR R S R N S R N S S S N N TN N JUNE N SN N S N S
STOM*CH D e e N I A S R I I T 2 I D B
PAP LLOMA, NOS
SMALL INYESTINE R T T T T S S S S T B I T R ]
PAPILLOM X
HALIGNANT LVHPHOHA. NOS X,
LARGE JNTESTINE L e S T e L R IR R S I T R I IR 4
URTNARY SYSTEM
KIDNEY PR SR SR R S SRR S S S SN SN S N S L NS L NN NS SN N )
URTNARY BLADD(R D S T S S S T T S S S S 2 T S T N R ST S S
ERDOCRINE SYSTER
PITUITARY PR SR S SR SO, T N SR SR R S, S SEL ST SN SN SUN SN SR N S SR . )
ADRENAL L S I T e S I N O I A R R AR
CORTICAL ADENOMA X
THYROID RS SR ST R S S SN SN SN SN SN SN N SN SN N NS S N NN NS N )
PARATHYROID B T
REPRODUCTIVE SYSTEN .
MAMMARY GLAND M N N N N N N N N N N N N N N N N N N N N N N N N
TESTIS LIRS SR S S SR SN SN SN SN SN NN SUNC N SO SUUL AW S S N SN N R )
PROSTATE DR T S S N SN SN R SR NN SN S SN JU. 0. 0N, SN SN N S S S N
EPIDIDYMIS N N N NN NHNNW NN NNRKNNNNNNNMKNNNNNNN
HEMAM ARCOMA X
v
BRAIN B T T T S S T S S T e S
SPECIAL SENSE ORGANS
HARDERIAN GLAND N N N N N N BN N N N NN NN NN NN NNANKNNANABKNIKNN
ADENOMA, NOS
T OTRER SvsTem—— "
MULTIPLE ORGANS NOS N H N N N K N N N N N N N K N N N NN K N N H N H
—MALIGNANT LYMPHOMA, MO$ X
TISSUE EXAMINED MICROSCOPICALL UE INFORMATION SUBMITTED
REOUIRED TISRUE NOT EXAMINED HXCROSCOPICALLY Y, NO HISTOLOGY DUE TO PROTOCOL
TUMOR INCIDENCE A Is
HECROPSY, NO AUTOLYSIS, NO MICROSCOPIC EXAMINATIONR M:  ANIMAL MISSING
ANIMAL MIS-SEXED B: NO NECROPSY PERFORMED
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TABI.E B3. MALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL

ARIART 1] ] ¢ LI L] ¢l oT 81 9 L1 LI}
HUMBER 2 2] 2 3 33 3 HEIRIR] Al & IR}
$ =10 k] 315 & 31 91 ol 4 -1 ] 513 1BTAL
1 i $ i T 7 f) a1 1 it s TTS5UES
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AIN L R I T B S T T N I D R Y I 2 D 2R Y DY TR Y 3 b11)
FIBROMA - 2
!UICUTANEDUS THSUE N N R T T T T T S S S S S S T [T11
SARCOMA, X i
FlBlD!AlCOHA X '
KESPTRATURY SYSYEA
LUNGS AND SEOHLHI P T S S S S L S T T T T R S S T T S Y 3 £1)
HEPATOCELLULAR CARCINOMA, HsT&S?A x 2
ALVEQLAR/BAONCHIOLAR ADEND! [
ALVEOLAR/BRONCHIOLAR CA!CINGHA ]
TRACHEA L I e e N I I I I T R I I S I I ) "
FERTTOFUTEYI SYSTER
BONE MAREDW USSR SC TR S0 SV S-S0 R S SO S S SN SO SUNLIE SN SN S DUE-SE SR .1 3
SPLEEN LSOO 0. JOR. O SNV . U0 SR, SN, S V. SO JUUE. S S, S, U JOUUR SO S, SR SR . LY 3
LYMPH MODDEM I T T S L R I T T ST T BT T Y N . B at
ALVEQLAR/BRONCHIOLAR Ck, METASTAT
MALIGNANT LYMPHOMA, NOS X 2
THYMUS D - T TR Y Y ST SR TR SENE T T S R R L R 37
TIRTOCATORY SYSTEN
NEART L O L N 2 I T T LY I T T R S A T N Y SR R A 50
PITESTIVE SYSTEN
SALIVARY GLAND TR SO0 SO, SR SR, SO, SO TR U, SO U, SOUUK SV, SR SR S SO UL SR S R U S S, $3
LIVER L T S S L N S T T S T T Y ST S} ay
HEPATOCELLULAR &DENDMA X X X 3
HEPATOCELLULAK CARCINDMA X X x .
BILE puct LI, SO S0, S N JUUL JUNE TN SN SO SN SO JONR. S, S S JUNL NN SN SN SEN S ) 43
GALLBLADDER & CDMMOH DILE DucT RN SO JOUNN . N  ORUUR JOUUN SUUEE. SO, SO JUUUN. SO SR AU, J0S . SOV, SO, SR S SOV, SR U SO S, 2. ) 508
PANCREAS LR R T . R U0 . 2L S R SN R SN UL JUUT. SN T T N 48
ESDPHMAGUY LRI . S SN SR SR B SR IR ST TR TR R LI 2N N N [¥3
8TOMACH D T e S e e I N T T S B ) Y]
PAPILLOMA, HOS X 1
SMALL INIHIINE L L T T T I T T e A "
PAPILLDN 1]
HALIGNANT lVHPNQHA. NOS k3
LARGE INTESTINE L I I R L T S T T ) 1)
DRIRERT SYSTEN
KIDNEY R S R S T T N TV TV O U N R T T OO . N 59
URINARY BLADDER FIE S S T 2 ST S ST T S K RN I S DY R S R T T S Y S Y} (Y3
ENBELRINE SYSTER
PITUITARY k4 o b 4 b & w3 I b S & e & 4 4 & &b L7
ADRENAL L T T e S S S R 2 T T T S S S BT SR S S 1 1]
CORTICAL ADENDMA b
TRYROID EYE. S T WU, SUUN ST R TR WL S S TS T IR SEET TR SC- LS ST T WU Y 44
PARATNYROID L L R e T I S R B ) ]
REPROGUCTIVE STITER
MAMMARY GLAND WoN K W B N ¥ N ¥ K K N KON KN BN K K B K W NN 54
TEATSS L. S SIUR. A0 T . S SR S SR SR JUUL UK N ST SN r. T . R WL R N 43
PROSTATE LR S L 0. I S S S N . S L SO L N 2R R S S T Iy
EPIDIDYMIS N N W K N N KN N N N N KN N K NNBH N HNNNNGHNN LT
MEMANGICSHLRCOMA ]
¥
SRAIN O L S T T T T S S I 0
SPECTAT SENSE ORURNS
NARDERIAN GLAWD N K N § N N H N N N N N N H N N B H N N N ¥ H N ¥ s0r
ADENOMA, NDS x X
T BYRER SYETIRS
MULTIPLE DRGAXS KOS H N N K K N N & W M N N N K N N N X B H N N NN saw
MALIGHANT LIMPHOMA, HOS X X i
L} lﬂlﬂll.! NECIDP}IE
SUE EMAHINED MICROSCOPICALLY i+ MWD YISSUE INFORMATION SUBNMITTED
Rl"UIIED TI!!LE NOT EXANINED MICROGSCOPICALLY €: MWECROPSY, ND MISTOLOGY DUE YO PRATOCOL
TUMOR INCID At AUTOLYSES
RECRDPYY, ND lU'DL\‘ﬁll. MO MICROSCOPIC EXAMINATION A ANIMAL MiS

a: Mo Nltldr&r P{lFI)IHEB
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF TOLUENE DIISOCYANATE LOW DOSE
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HEPATOCELLULAR CARCINGMA, METASYA
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TRACHES D I I e e e T e e T e N T R T B
HERATEFDIETIT SYSTER
BONE MARROM LI T S ST, SN S0, S SN0 S S, SR S S S S JUN SO, SO S S 2 S
BPLEEN L S S S T S S S T T L T Y T S A T A
MALIGNANT LYMPNONA, KOS
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K1DNET L T e T A I - B I 2 T Y T S
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URINARY BLADDER R R S T e e R S R R O S S S
EADICRINE SYSTEM
PITLITARY D e R e T S L I I O 2 S T
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ADRENAL L L S T ST T T R T R I N L T S T S Y
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THYRGSD L T B S S A T T S S S S T T T
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PARATHYROID - st m b~ 4 = 4w w § = & = b ¥ e w e = o~ w
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INTERSTITIAL~CELL YuUmWOR X
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF TOLUENE DHSOCYANATE: HIGH DOSE
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